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with faeces thereby greatly increasing the chance of positive isola- 
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is a highly selective medium for isolation of Salmonella typhosa. 
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growth of extraneous intestinal bacteria. 


Bacto-MacConkey Agar 
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Although MacConkey Agar does not inhibit coliform bacteria it 
does afford excellent differentiation of colonies of pathogens from 
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Bacto-Tetrathionate Broth Base 
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enrichment media for isolation of intestinal pathogens. These are 
excellent aids in the detection of carriers and examination of other 
materials for members of the Sa/monella-Shigella group. 


Please send for the latest technical information. 
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Ultra-Violet « Infra-Red Sampling Instruments 


ULTRA-VIOLET ABSORPTION CELLS 
VARIABLE path-length cells for liquids 
FIXED path-length cells for liquids 


KBR EVACUABLE DIE 
for making 13, 15 and 16 mm. Discs 


INFRA-RED ABSORPTION CELLS 
VARIABLE path-length cells for liquids 
FIXED path-length demountable and 
sealed cells for liquids 

MICROCELLS for liquids 

Gas cells in pyrex and metal 
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Technique 


Rotating Electrode (Solution 
Excitation) Spark Unit 





HIGH-SPEED VIBRATION MILL 
indispensable for KBr 

Disc Technique 

available for 230 volt 50-cycle 
and 110-volt 60-cycle mains 


ROCK-SALT POLISHING KIT 


RIIC Sampling Instruments are marketed by the leading spectrometer 


manufacturers of the world. 


Descriptive literature on application. 


RESEARCH & INDUSTRIAL INSTRUMENTS CO. 


116 Lordship Lane, London, S.E.22 


Telephone: Forest Hill 2281/2 
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FURTHER ADVANCEMENTS IN SPACE RESEARCH 


VOMMENTING on the latest Soviet achievement 
the 
Association for the Advancement of Science. 


Ain space science, last vear's president of 
British 
sir George Thomson. said: “If you have done a thing 
difficult to do it 
seems to me a cheerful Bank Holiday event, and we 
After 


less 


once it is not several times. It 


Russians for arranging it” 
they 


should thank the 


pondering these remarks would appear 


The first 
for there can be 


aggish and more profound than at first. 


remark is. however, rather naive. 


no doubt that this second successful attempt to put 


man into orbit embraced more scientific ‘things’. 
with consequent results from which much can _ be 
gleaned. than were inherent in the first successful 
attempt. with Major Yuri Gagarin in the space- 
vehicle The second remark. however. needed 
making. The news would be cheerful whether the 
feat was achieved by Soviet scientists, American 


— 


scientists or those of any other nationality: for here. 
once again. is the manifestation of great triumphs 
for scientists, coupled with the heroism of another 
this time Major G. 8S. Titov. of the Soviet Air Force. 
The spaceship-satellite Vostok 2, 19617. 
the U.S.S.R. at 06.00 
carried the second man to travel in orbit around the 
Earth. The satellite, which 4.730 


excluding the final-stage rocket. was projected into 


launched 


from hr. u.T. on August 6, 


weighed kom. 


’ an orbit inclined at 64° 56’ to the equator and having 
an orbital period of 88-6 min. Its height above the 
Earth varied between 178 km. at perigee and 257 km. 
Its radio transmitters operated on 

15-765. 19-995. 20-006 143-625 
Vostok 1, which carried Major Gagarin in the 


apogee. 
frequencies of and 
Me.’s. 
_ first manned orbital flight on April 12 (see Nature, 
190. 307: 1961). made one revolution about the Earth. 
Vostok 2 made 17 revolutions, and, since the orbital 
period was such that the geographical track on the 
seventeenth revolution was almost identical with that 
on the first. Major Titov made his descent in the same 
Major Titov landed safely 
500 miles south-east of Moscow. 


region as Major Gagarin. 


near Saratov. some 


~ 


18 min. The main object 
was to test the effects 
ona human being of a longer journey in orbit. 


after a flight lasting 25 hr. 
of this second orbital flight 


Major Titov reported that his condition was excellent 
throughout his epoch-making flight, and the pro- 
onged period of weightlessness appeared to have no 
ill-effects. He slept for 8 hr. and ate several meals, 
} taking the food from tubes. as well as operating 


various manual controls in the satellite, observing 
the Earth from one of the three portholes, and sending 
messages to the peoples of the countries he passed 


over 


XUM 


On this second occasion more details of experi- 
mental and even 
preliminary excellent 
cheerful 


conditions were revealed, some 


results announced—an and 


omen for scientific advancement on an 
international scale. Hitherto. far too much lip-service 
has been paid by Soviet and American political 
leaders to the ideal of sharing their scientific results; 
but little has so far accrued. 

There can be no gainsaying the fact that the Soviet 
the but 


it does not follow that they are ahead of others in 


scientists are in vanguard of space travel; 


There are many who believe 


their 


space research in toto. 
that the U-.S.S.R.. 
achievements. are deliberately playing to the political 


through awe-inspiring 


gallery. It is obvious that their successes are 


enhancing the political prestige of the Soviets through- 
out the world. especially in scientifically and cultur- 
ally But it 
would be wiser for world leaders in policy to look 


backward and emergent countries. 
on these successes in space-travel as the result of 
hard and inspired scientific endeavour made by 
scientists who are highly respected and encouraged 
by their political leaders. 

Even in their own country. certainly outside it, 
Gagarin and Titov are presented to the public as 


great heroes, which they surely are. But it is essential 


to recognize that the real prime-movers in these 
fantastic feats are the scientists and technologists 
who, through their ingenuity and devoted effort, 


The lay public, both 
Soviet and millions of others. will acclaim the heroism 


have made such feats possible. 


of men such as Gagarin and Titov; but world leaders 
would be better advised to take heed of the words of 
Prof. Nikolay Barabashov. who said: ‘The general 
triumph of Soviet scientists and engineers consists 
In that they have created a spaceship controlled by 
man’. 

There still 
people who grudgingly now admit that we have had 


are too many otherwise intelligent 
science thrust upon us. They will continue that attitude 
at their peril. for this is the Age of Science, and, like 
it or not, we must do all we can to give moral, and 
especially practical, support to our scientists (in all 
branches). This is best done by learning and teaching 
more about science, for then shall we treat scientists 
for what they really are—world leaders in their own 
sphere, not ‘backroom boys’. 

Walter Bagehot said that: 


strong when public opinion is definable and decided”’. 


“Governments are only 


The strength of democratic Governments must now 
be enhanced by the support of a public opinion 
inspired by knowledge of. and greater respect for, 
science and scientists. 
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NATIONAL ORGANIZATION OF SCIENTIFIC RESEARCH 


fee last report of the Council for Scientific and 
Industrial Research stressed the growing impor- 


tance of the Council’s influence on university re- 


This necessarily out of the Council's 
with the 
the scientific disciplines, and its effort, at 


Scientific 


search. arises 


concern balance of research within and 
between 
the 
Policy, to bridge any important research gaps which 
come to light and thus promote a healthy balance of 


It also arises as a counterpart of the 


request of the Advisory Council on 


research effort. 


Department's expanding programme of research 
grants and training awards, which are bound to affect 
university developments quite apart from the 


attempts of the Council to encourage co-operative 


effort, as, for example, in grants for the provision of 
nuclear reactors for training and research or by specia 
encouragement for research in certain fringe subjects. 
such geophy sics, meteorology and 


as_ biophysics, 


oceanography, where the Council found insufficient 
research effort in the country. 
Generally, the the of 


research effort as reasonable in the main streams of 


Council regards balance 


development within the chief scientific disciplines, 
though, to keep this effort adequate and to develop it 
flexibly, substantial and increasing resources must be 
given to channels. The 
Council is already prepared to make grants for longer 
periods than hitherto and help initiate projects which 


for one reason or another seem to require its specially 


research through existing 


extended support; but nevertheless, when university 
researches are well established, the Council considers 
that they are best supported from normal university 
funds, and the Council welcomes the action of the 
University Grants Committee in making arrangements 
for the universities to seek funds for the new quin- 
quennium 1962-67, to which 
have been established with the aid of grants from the 
Research. 


continue researches 
Department of Scientific and Industrial 
The Council invited the 

concerned to consider whether they should seek funds 


has already universities 
from the University Grants Committee to carry on 
most of the research programmes receiving current 
grants and is discussing these arrangements with the 
universities. 

In this situation, a statement on “Scientific Pro- 
gress, the Universities and the Federal Government’, 
issued last November in the United States by the 
President’s Science Advisory Committee, to which 
Dr. Glenn T. Seaborg, chairman of the United States 
Atomic Energy Commission, made some reference in 
addressing the American Physical Society on April 26, 
on atomic energy research, is of particular interest .- 
Dr. Seaborg did not discuss the Commission’s pro- 
gramme of applied research; his address was rather 
on basic research in physical science, and before 
discussing the Commission’s activities in basic research 
he quoted freely from the Science Advisory Commit- 


tee’s statement to illustrate his own fundam«nta 
philosophy of basic science. 

The statement. which deals essentially with the 
problems arising in the advancement of science by 
basic research and the graduate education of scientists, 
stresses first the urgent need for scientifie progress 
and for investment in science to that end, without, 
however, either overlooking the returns such invest. 
ment also yields in the quality and humanity of our 
investigation that 
and scientific education are the only kinds of learning 
that matter. It affirms unequivocably that basi 


research and graduate education go best together at 


or suggesting scientific research 


every possible level. and equally it insists on the 
the barriers and 
applied science. Basic the 
end on the imaginative powers and scientific skill of 
of this the 


disappearance of between pure 


research depends in 


its practitioners, and partly because 
apprentice scientist, even if his subsequent career 
were not attained in basic research, learns best in an 
atmosphere of creative research with the depth of 
understanding of a subject that only comes with such 
experience. 

The Science 
under no illusions that 
universities or in the Federal agencies, but it suggests 
field is to attract able young! 


~ 


President's Advisory Committee is 


this always obtains in the 
that if a research 
scientists. it generally needs roots in the universities 
A scientific field which life in the 
universities is at a grave disadvantage in recruiting 
sustained without 
for 


has no research 


new talent, nor can research be 


teaching, and it is always important research } 


institutions to maintain effective connexions with 
students. Not all basic research should or could 
be pursued in universities, but where it 1s done 


elsewhere the Committee believes that special efforts | 
should be made to take advantage of its educational 
value. 

The Committee thus came to consider the role of } 
the Federal Government, which by 1957-58 was pro- 
viding 70 per cent of the funds for research in Amett- 
can universities. three-quarters of which came from 
either health or defence agencies. The use of research 
contracts and research grants is then appraised 
and, in spite of the high quality of much research, 
particularly in nuclear physics, carried out under) 
Government contracts, the Committee regards thr 
research grant, on balance and in the long run, as the 
better instrument for basic research. It points out, 
however, that the support of research projects does} 
not, by itself, fully meet the needs of the Federal 
Government, and that no narrow or single instru 
ment or method of action will serve the Governments, 
purpose. 

This appears particularly in considering the fields | 
of science which are comparatively neglected and for 
which it is difficult for the universities to find funds? 
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or facilities. Like the Advisory Council for Scientific 
Policy and the Council for Scientific and Industrial 


Research in Britain, it suggests that such areas of 


scientific promise call for action by the central 


Government in initiative and support, and one such 
Nevertheless, the 
statement suggests that the greatest interest of the 


area instanced is oceanography. 


central Government,is to see that university science 
is as strong as possible, and whether basic research and 
graduate education in the United States are adequate 
in quantity and quality depends primarily on the 
either the Federal finds 
the policies and resources which permit the universi- 


Government: Government 
ties to flourish and discharge their duties adequately, 
or no one will. 

The that the 
universities have themselves much to do and that they 


Committee recognizes American 
have been slow in finding effective ways of encourag- 
ing scientific research and training at all the new 
levels and in all the new ways that scientific advance 
makes possible. Graduate education is not so good 
as it should be, and new fields of study are ignored 


because they inconveniently cross departmental 
barriers. The Committee does not, however, share 
the view that Government support is necessarily 


subversive of academic freedom, though it recognizes 
its dangers; but it suggests that the most impor- 
tant single task of the universities is to maintain 
their own standards of freedom and excellence in this 
period of growing dependence on the State. In the 
United States, as in Britain, the main trouble in the 
universities is neither failure of understanding nor 
communication, but simply lack of means, and it is 
from this similar context that the recommendations 
of the statement derive their special interest in Britain 
at this juncture. 

Some specific conclusions should, however, be noted ; 
first, not only on account of their relevance to the 
general effort, but 
equally for their bearing on the expansion of the 
universities and the colleges of technology. Stress is 
laid first on the support of excellence. It is of the first 
importance that national support for both research 
and teaching should aim at sustaining and reinforcing 
outstanding work wherever it may be found. Examin- 
ation of the implications of this conclusion could go far 
to resolve some recent controversies, and it should be 
noted that the President’s Science Advisory Commit- 
tee also considers that additional centres of excellence 
are urgently needed, that graduate education should 
be expanded and include a genuine experience of 
research, and that it is important to attract a larger 
number of talented students to science as a career. 
Graduate education in science itself needs constant 
modernizing, and its financing should be continu- 
ously and flexibly reinforced, particularly by fellow- 
ships. 

From what has already been noted it might be 
expected that the Committee would conclude that 
new fields of research and education need particular 
eneourgement and that separate research institu- 
tions should be avoided wherever possible It is 
emphatic that in the absence of special considerations 


organization of scientific also 
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the university is the best place for basic research and 
concludes that new laboratories for special fields 
should be attached to the universities whenever it is 
practicable, and that universities should make full 
educational use of such facilities. It is interesting to 
note the Committee’s opinion that scientists outside 
the universities can play a fruitful part in graduate 
education, and it is not only in the United States 
that there are opportunities demanding exploration 
and exploitation by the Government, by industry, 
by universities, and by colleges of technology. 

Of the 
were selected by Dr. Seaborg to express his own 
philosophy on basic research. First, there is the 
general responsibility. ‘In view of the 
importance of scientific research to National security 
and welfare, all parts of the National community 
should assume a greater responsibility for supporting, 
research in 


Committee’s recommendations, some six 


growing 


strengthening and expanding basic 


graduate education.’’ Secondly, turning to Govern- 


ment responsibility, “Federal support for basic 
research and graduate education in the sciences 


should be continued and flexibly increased so as to 
support excellence where it already exists and to 
encourage new centres of outstanding work’. Thirdly, 
“The Federal Government should continue and 
enlarge the practice now followed with great success 
in a few agencies of providing research support over 
long terms and for broad objectives’. Fourthly. 
“The Government should strengthen its ability to 
establish general policies governing its support of 
basic research and graduate education at the universi- 
ties”. Fifthly, as regards the universities, **Univer.i- 
ties should accept primary responsibility for ensuring 
that their growing partnership with the Government 
reinforces their freedom and excellence”’, and sixthly, 
and generally, ‘It should be a general basis of policy 
and action that basic research and the education of 
scientists go best together, that they are inseparable 
functions of the Universities’’. 

These recommendations are cited by Dr. Seaborg 
to illustrate his own approach to basic research, 
an approach which has not been modified by his 
chairman of the Atomic Energy 
Commission. He does not suggest that these are the 
only important recommendations of the report, 
but it is interesting to note how largely the Advisory 
Council of Scientific Policy in Britain appears to be 
yuided by similar views. Nevertheless, the connexion 
between research and teaching is emphasized in a 
much more forthright manner than has been apparent 
in recent discussions in the United Kingdom, and the 
stress laid on excellence gives no support for the 
mediocrity and triviality which Sir Eric Ashby and 
others have criticized. 

If this report, therefore, contains much that is of 
interest to the University Grants Committee and the 
Robbins Committee also, as well as to the Ministry 
for Science, Dr. Seaborg’s examination of the policies 
and programmes of the Atomic Energy Commission 
in the light of these findings is of particular interest 
in the context of adjustment of Britain’s scientific 
effort with which the Advisory Council on Scientific 


experience as 
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Policy is concerned. Dr. Seaborg points out that the 
budget of the National Science Foundation has already 
been increased by some sixty-five million dollars to 
implement some of these recommendations, and 
two-thirds of this is for support of basic research in the 
Further, 


he stresses the close co-operation and exchange of 


sciences and to improve research facilities. 


information that already exist between the Commis- 
sion and the other four Federal agencies that disburse 
about 90 per cent of Federal funds for basic research. 
There is some reason for concern as to whether that 
in Britain, and this 
may be one reason for the misgivings that have been 


liaison is sufficiently effective 
openly expressed as to the deployment of our scientific 
man-power. At the Baird Memorial Lecture in Glas- 
gow, in May, Dr. S. C. Curran suggested that scientific 
advance in some fields was hamstrung by the exces- 
sive effort being made in such fields as nuclear energy. 
for example, and on the other hand, the existing 
relations between the Atomic Energy Authority and 
the Central Electricity Generating Board appear to 
offer at least some possibility of duplication of effort. 
It is by no means clear that the Board’s new nuclear 
laboratory on which £1 million is to be spent, with a 
staff of 250-500, can do anything which could not be 
done with the Authority’s existing plant and research 
teams. While there are advantages in the decentral- 
ization of nuclear research and engineering, they will 
not be realized without a careful review of organiza- 
tion and some paring of the effort for which the 
Authority has hitherto been receiving a consulting 
fee of £300,000 from the Board. 

Dr. Seaborg’s remarks about the Atomic Energy 
Commission's with the National Science 
Foundation and with the universities are of special 
interest at the present time. Under an agreement 
with the Foundation, the Foundation takes care of 
the Commission’s projects which involve support of 


relations 


university research and training reactors, but while 
the universities are part of the foundation on which 
the United States nuclear energy programme is built. 
the pattern of 
Brookhaven National 
which is managed for the Commission by Associated 


varies widely. At 
example, 


arrangements 
Laboratory, for 
Universities, Inc., some 170 scientists are engaged in 
research and about 300 more from university faculties 
spend considerable time each year at the Laboratory on 
research projects. The Argonne National Laboratory 
is operated under a contract with the University of 
Chicago, but the thirty-one constituent schools of 
Associated Mid-West Universities play a vital part 
in the Laboratory’s programme with more than 100 
postgraduate research workers, while the Laboratory 
also operates the International Institute for Nuclear 
Science and Engineering. Again, at the Lawrence 
Radiation Laboratory in the University of California, 
Berkeley, where about 250 graduate workers are 
employed, basic research is undertaken by faculty 
members on a part-time basis and by full-time non- 
academic personnel. Again, at the Oak Ridge 
National Laboratory, the Union Carbide Nuclear Co. 
the facilities available to 


co-operates in making 


universities, for example, through the Oak Ridge 
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Institution of Nuclear Studies, comprising 39 universi- ’ 
ties in the south. . 

Dr. Seaborg gives some figures to indicate the | 
extent of the Commission’s research effort. At the - 
end of the past fiscal year. the Commission had . 
more than 900 contracts totalling more than thirty- 
six million dollars for unclassified basic research in . 
the physical and biological sciences with some 162 - 
educational institutions. Some 330 schools have been ag 
assisted with grants totalling 18-5 million dollars. a 
and loans of nuclear materials valued at eleven i 
million dollars and about 1.000 fellowships have been = 
awarded. Basic research supported by the Commis- 7 
sion in the physical sciences is mainly in physics and ane 


mathematics (including high- and low-energy nuclear dis 
: apa s 
physics, computor research and mathematics), metal- 


lurgy and related sciences; chemistry and controlled we 
thermonuclear research. po 

Dr. Seaborg referred to the way in which the Com- pe. 
mission is seeking to strengthen research in the ~ , 
metallurgy and material sciences throughout the Soc 
country, and also to the existence of areas where } im 


imaginative contributions of the highest creative phi 


type were needed to advance the country’s welfare an 
not simply in the nuclear energy programme but in be | 
such fields as the long-range transmission of electri: but 


power, long-range prediction of weather, the desalting Brit 
of sea-water, and the application of biophysics and 


biochemistry to the whole problem of living matter. } pe 
He was prepared to consider allowing the Commis- exis 
sion’s National Laboratories to contribute to the let. 
solution of such problems even if this went beyond } by 1 
their present functions. soli 

The choice of method or organization is bound to be a 
influenced by the objective or subject of a research | aio, 
project and that alone is sufficient reason for requir- | jp j, 
ing variety and flexibility in the organization of Te 


research, whether fundamental or applied. While the ?} ¢, p 
points made by the President’s Science Advisory 


scien 
Committee and by Dr. Seaborg are not new, they 6, ¢) 
direct attention to first principles to which full regard | sou, 
should be paid alike by the University Grants  gyai 
Committee in considering the expansion of university | sig 
education and by the Advisory Council on Scientific pepe, 
Policy and the Council for Scientific and Industrial | yor, 
Research in guiding the deployment of Britain's gy, 
research effort. Furthermore, the extent to which gion, 
that expansion and research effort are interlocked , reseal 
points to the importance of some co-ordinating author- where 
ity at a higher level, if frustrations or waste are not t0 | jggue, 
occur. Both through its research grants and its post- The 


graduate training awards the Department of Scientific ) thay 


and Industrial Research cannot now help strongly | Auth, 
influencing university development or even policy. Poliev 
however carefully it may seek to avoid infringing | gpy¢4, 
academic influences. For example, after the Depart: | tions, 
ment’s last annual report was issued a grant of | partic 
£750 was announced towards a project to which | of g,i, 


the University Grants Committee and the National } Regea, 


Institute for Research in Nuclear Science was ad mittee 
contributing. for res 

It is important that Britain’s organization for the back ¢ 
support of research should be flexibly and als regan, 
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effectively co-ordinated; the choice of project poses 
dificult problems also. With whatever justice it 
may be argued that our present expenditure on 
nuclear research, whether through the Atomic 
Energy Authority or more generally, is excessive, 
those who so argue are usually concerned at the 
neglect of a particular field. Dr. S. C. Curran, for 
example, was concerned at our neglect of space re- 
search and lack of a satellite programme. Here again 
we are concerned with a field calling for particularly 
costly equipment, but Sir Harrie Massey, in a recent 
statement referring to the growing interest in space 
research in British universities, suggested that such 
research could be considerably extended without 
distorting our scientific effort. This, he thought, was 
not a narrowly specialized field of work, but required 
more facilities, and collaboration in a European 
organization should not preclude a separate pro- 
gramme of research in Britain. 

At the anniversary dinner of the Biochemical 
Society on March 29, Lord Hailsham said that it was 
important that not merely the structure but also the 
philosophy of our present arrangements for the 
organization and encouragement of research should 
be brought home to scientists. That is true enough, 
but it is no less important that the magnitude of 
Britain’s effort should be seen to be in proportion to 
national needs, and it is from misgivings as to the 
scale of our effort that much of the present malaise 
arises. That is, of course, a main theme in the pamph- 
let, Setence and the Future of Britain, issued in March 
by the Labour Party, but it is not simply a party 
political issue; it is fostered also by procrastinations 
and petty-mindedness that, as in such matters as 
scientific libraries, have already squandered resources 
in both finance and man-power. 

Lord Hailsham quite rightly insists that the scienti- 
fie planning of our research effort must be done by 
scientists themselves. Ultimately they must decide 
on the project and the means by which it is to be 
secured. That, however, ultimately turns on the 
availability of resources, and while, as Lord Hailsham 
said, the function of the Government is to see that the 
necessary research was proceeding and that its results 
were being applied, the fact that for the most part 
Government acts here indirectly through encouraging 
science in the universities, stimulating industrial 
research and organizing research institutes in fields 
where necessary, does not affect the fundamental 
issue Of the availability of adequate resources. 

The Minister for Science appears to be satisfied 
that the Research Councils, the Atomic Energy 
Authority, and the Advisory Council on Scientific 
Policy provide him with an adequate advisory 
structure, though some questions of ministerial rela- 
tions could well be asked. He referred on this occasion 
particularly to the relations between the Department 
of Scientific and Industrial Research and the Medica] 
Research Council and the University Grants Com- 
mittee; the value of independent sources of finance 
for research is indisputable. Nevertheless, we come 
back once more to the question of the scale of the 
research effort in Britain. If the existing structure 
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has proved its ability to prevent dissipation of our 
research effort on projects which are not easily 
justified in relation to viable national needs, it is the 
more important that its scale should be commensurate 
with real needs rather than political convenience. It 
is at the magnitude of our effort as well as at its 
deployment that Lord Hailsham should be looking, 
and making sure that departmentalism is no more an 
obstacle at ministerial level than in universities or 
elsewhere to the full exploration of new opportuni- 
ties or a cover for waste and conservatism. Further, 
the implications of the relation between teaching 
and research also deserve examination, and if the 
President’s Science Advisory Committee is right in 
its conclusion, some recent developments such as that 
at the Radar Research Establishment call for exam- 
ination by the Minister for Science from that point of 
view if precious resources of man-power and equip- 
ment are to be used to the fullest advantage. 


A REFERENCE BOOK FOR 
BIOCHEMISTS 


Biochemists’ Handbook 

Edited by Dr. Cyril Long. Consultant Editors: Prof. 
Earl J. King and Prof. Warren M. Sperry. Pp. 
xxii+1192. (London: E. and F. N. Spon, Ltd., 
1961.) 168s. net. 


rT HIS handbook caters for fairly big-handed bio- 

chemists: it consists of almost twelve hundred 
pages of techniques, tables, facts, figures and refer- 
ences on a very wide range of biochemical topics, and 
includes the contributions of 171 authors. 

The book is divided into six main sections. Section 
1, called “‘Chemical Data’, deals in the main with 
commonly used biochemical techniques like spectro- 
photometry, chromatography and manometry, but 
contains, in addition, information about isotopes, an 
excellent account of volumetric analysis (with many 
tables of buffer solutions and a very full list of acid 
dissociation constants), a brisk contribution on 
organic chemical nomenclature, and some useful data 
on the composition, structure and analysis of poly- 
saccharides. 

Section 2, ‘“‘Data on Individual Enzymes’’, deals 
with nearly three hundred enzymes, which are 
arranged in groups according to the type of reaction 
they catalyse—hydrolysis, transfer, dehydrogena- 
tion, etc. Then follow a hundred pages on ‘‘Metabolic 
Pathways”, giving a condensed and up-to-date 
account of important reaction schemes. This chapter 
is intended primarily for biochemistry teachers. 

Section 4 (pp. 637-936) is called ‘Chemical Com- 
position of Animal Tissues and Related Data’’. 
Presented mainly in the form of tables, this section 
takes us tissue by tissue through one, and sometimes 
several different species of animal to give an extra- 
ordinary wealth of data (46 pages are given to the 
composition of blood alone). Section 5 concerns itself 
with the chemical composition of plant tissues, and is 
considerably shorter than the previous chapter 
despite having ‘‘been given somewhat greater promi- 
nence than is customary’’. After a brief introduction 
on plant nomenclature and classification (a subtle 
‘dig’ at biochemists who are all-‘chemist’ and no 
‘bio-’ ?), subdivisions are made between one type of 
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chemical constituent and another. Individual presen- 
tations vary, but in general the compounds, with 
their chemical characteristics and natural sources, are 
listed with appropriate references, in tabular form. 
The book ends with a short section on ‘‘Physiological 
and Nutritional Data’’, which is rather on the fringe 
of biochemistry and has a fairly strong medical 
bias. 

If, as the authors state in the preface, this book is 
meant to serve as a source of material for research 
biochemists, criticism could be levelled at some 
sections. The chapter on enzymes is so condensed 
and indigestible that probably both specialist and 
non-specialist alike will prefer to reach for ‘Dixon and 
Webb’. One or two accounts of enzymes do not cover 
the subjects fully, and tend to be a bit unsatisfying 
because the selection of data has been too stringent. 
(The account of 8, 2-1 fructanases, for example, does 
not even mention the work of Bacon and Edelman.) 
Also, in Section 1, perhaps it might have been a 
better idea in a book of this kind to have concentrated 
more on drawing up fuller lists of data (Rp values of 
more compounds in the chapter on paper chromato- 
graphy, for example) rather than to have written so 
much on theory and technique, which are covered 
extensively in more specialized text-books. When the 
book concentrates on condensed information in the 
form of tables, figures and references (which is most 
of the time), it is excellent. 

There are, however, one or two misprints; on 
pp. 953-4, ‘Hordenum’ appears four times: it should be 
Hordeum. ‘Liriodendro’ is printed instead of 
Liriodendron on p. 951. On p. 114 ribonucleose is 
written for ribonuclease, and on p. 515, the word 
‘succharides’ might cause some hilarity. 

The main strength of the book lies in its references, 
and in this respect alone it more than justifies the 
authors’ claims that it should be regarded primarily 
If information 
find it in the 
is not there 


as a source of biochemical material. 
is sought, one is almost certain to 
Biochemists’ Handbook—and even if it 
the references will indicate the source. 
D. RECALDIN 


REVIEWS OF GENETICS 


Principles of Genetics 
By Prof. Eldon J. Gardner. Pp. vii+ 366. (New York 


and London: John Wiley and Sons, Ine., 1960.) 


60s. 


Principles of Plant Breeding 

By Prof. R. W. Allard. Pp. xi+485. (New York and 
London: John Wiley and Sons, Inc., 1960.) 9 
dollars ; 728 


4 me 
Genetic Research 


A Survey of Methods and Main Results. 
Arne Miintzing. Pp. 345. (Stockholm 


By Prof 
LTs Forlag, 


1961.) n.p. 
NHESE three books are written for different 
readers. The first is intended “primarily for the 


college student taking his first course in genetics” 
and presents the fundamentals of genetics accurately 
in a straightforward and readable manner. The first 
eight chapters are concerned mainly with Mendel’s 
experiments, the mechanics of the transmission of 
hereditary units, their interaction and the ways in 
which thev can be located on the chromosomes by 
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studies of linkage and recombination. Then, among 
other topics, the author deals with structural altera. 
tions of chromosomes, sex determination, mutation 
and alleles and compound loci. He indicates some 
present trends in chapters on physiological genetics 
and population genetics. One of the pleasing features 
of the book is the skilful way in which experimental 
results from both higher and lower organisms are 
woven into the text ; and with equal facility, the 
student is given a hint of the usefulness of statistics 
and chemistry in modern genetics. It is a pity that 
the book is so expensive. 

Prof. Allard’s book is not greatly different in scope 
from some of the others on this subject. The reader is 
assumed to have a knowledge of cytogenetics, and 
emphasis is placed on principles of plant breeding 
rather than on breeding procedures for particular 
crops. After a brief discussion of patterns of evolution 
in cultivated plants and a general account of their 
reproductive systems, the author separates self. 
pollinated and cross-pollinated crops and, in each, 
in turn, deals with the genetic basis of breeding and 
with breeding methods. In my own opinion, 
Prof. Allard loses some possible clarity by not 
considering the roles of genotype and environment 
in continuous variation apart from mating systems. 
One of the most admirable sections of the book is 
that on breeding for resistance to disease, in which 
the interactions of host and parasite are very fully 
discussed; unfortunately, resistance to virus diseases 
is completely overlooked. The author writes in a 
vigorous and lucid style, but at times the subject. 
matter is condensed to the point of oversimplification ; 
contrary to the author’s statements, cultivated 
potatoes are, regrettably, classified into several 
species and many diploid edible bananas are sterile, 
Several Latin names are wrongly quoted and there 
are other printing errors that could well be corrected 
in subsequent printings. 

Prof. Miintzing attempts in his book to cover the 
whole field of pure and applied genetics for the 
benefit of “everybody working with living material 
or teaching biology’’. Indeed, in slightly more than } 
300 pages, he deals with more topics than are included 
in the two other books under review. The reader will 
find chapters on all the traditional aspects of genetics 
—Mendelism and the developments therefrom, the 
structure of chromosomes, speciation, plant and animal 
breeding and eugenics. The facts are described 
accurately and clearly, but in order to cover so much 
ground many behaviours have to be treated in a 
somewhat cursory way ; for example, the topic of 
self-sterility in plants is dismissed with a brief account 
of gametophytic incompatibility ; a short description 
of the biochemical genetics of eye colours in Drosophila 
serves as a picture of the gene-controlled formation 
of pigments in plants and animals. Nevertheless, 
the account of genetical investigations in bacteria 
and viruses and the discussion of the nature of the} 
gene are masterly condensations of available informa- 
tion. I was left with the impression that the 
book is too advanced for the amateur geneticist 
but, without a more extensive bibliography, falls} 
short of being a satisfactory text-book for the intend- 
ing professional. It is an unfortunate compromis. 
The book is well reproduced with excellent illustra- 
tions and diagrams. That the text is a translation? 
is still evident ; apart from clumsy sentences, words 
are sometimes wrongly used: “bacteriophage 
creeps ...’’, “electron microscopes . . . large power @ 
dissolution’’. KENNETH S. Dopps 
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PROGRESS IN CHEMISTRY 


Modern Aspects of Inorganic Chemistry 

By Prof. H. J. Emeléus and Dr. J. 8. Anderson. 
Third edition, revised and reset. Pp. xi+6l1l. 
(London: Routledge and Kegan Paul, Ltd., 1960.) 
35s. net. 


Radioactive Tracers in Chemistry and Industry 
By Pascaline Daudel. Text augmented and revised 
by the author. Translated by Dr. Ulli Eisner. Pp. 
xi+210. (London: Charles Griffin and Co., Ltd., 
1960.) 36s. net. 


Annual Reports on the Progress of Chemistry for 
1959 

Vol. 61. Edited by Dr. R. 8S. Cahn. Pp. 476. (London: 

The Chemical Society, 1960.) 40s. 


HE book by Emeléus and Anderson is now so 

well known that any detailed description of its 
contents is superfluous. The new edition has been 
carefully revised, new sections have been added, and 
some of the text in earlier editions which is now less 
important has been omitted, so that the size of the 
book has not been substantially increased. This is 
important for two reasons. First, the very reasonable 
price of a book of this character has been maintained. 
Secondly, the amount of material which can be dealt 
with in lecture courses and read by students is 
limited, and while a book of this size provides some- 
thing which an average student may be expected to 
master, a larger book would be less acceptable. 

Among the many new topics dealt with, mention 
may be made of a short but instructive account of 
ligand field theory, the chemistry of ferrocene and 
related compounds, sulphur nitride and its deriva- 
tives, and much new material in the chapters on 
co-ordination compounds. The last subject, with the 
main emphasis on chemistry, has always been a 
notable part of the book, and I know of no other 
account which can match it for clarity and complete- 
ness. In most of the other sections which were dealt 
with in previous editions, such as the boron and 
sulphur hydrides, significant new material has been 
added. The whole book is worthy of the highest 
praise from the point of view of the selection of 
material and also for its treatment. 

One or two minor matters which were noticed are 
mentioned here not for criticism but in the hope that 
the authors may see their way to consider them in a 
future edition. I think the rather short section on 
molecular orbitals, which is quite largely drawn on 
in later parts of the book, will prove difficult to many 
students. The symbols for hybrid states on pages 61 
and 69 are not clearly defined. If another four or so 
pages were added to this section it could be made 
clearer. The short table of dissociation energies on 
page 101 seems to be based on a quoted source of 1947, 
and it might have been pointed out that some of the 
values are still doubtful. I did not notice any reference 
to 5-valent manganese, and the section on metal 
hydrides on page 416 should be brought up to date by 
inclusion of the new preparation of cuprous hydride; 
the rather sceptical treatment seems now scarcely 
justified. The higher oxide of sulphur described on 
page 473 has been shown not to exist. In some cases 
the statement that ‘“‘the structure is unknown” is 
misleading; there is little doubt, for example, that 
iodine dioxide is I,0,, since it is diamagnetic. The 
new formula for graphitic oxide does not seem to be 
mentioned. On page 52 bivalent americium is 
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mentioned but on page 597 it is said not to exist. It 
now seems that N,O, is ON-NO, rather than a com- 
pound with an oxygen linkage as shown on page 466, 
and it is scarcely correct to say on page 468 of hypo- 
nitrous acid that ‘‘the structure has not been determ- 
ined”, since the dipole moment of its esters clearly 
indicates a trans-configuration. These are all small 
matters which little affect the accuracy of the book 
as a whole and the obvious care with which the 
information has been sifted. 

The subject of radioactive tracers is now so 
important both in chemical laboratories and in 
industry that the short account of it by Daudel is 
welcome. The biological applications are not included. 
The text is clear and easy to read and outlines of 
laboratory methods are given which could enable a 
reader to judge whether a method is likely to be of 
interest in his field or not. This applies particularly 
to the industrial applications, since there is obviously 
a large field here which may not be very well known 
to those engaged in technical processes. The sections 
are followed by detailed references to the literature 
which seem to be brought up to the year 1955. The 
series of reports now being issued by the National 
Academy of Sciences, Washington, under the auspices 
of the National Research Council, will provide further 
information. It seems to me that this modest book 
should find a place in every works laboratory. 

The Annual Reports issued by the Chemical Society 
continue to provide, in a commendably small volume, 
a survey of progress in chemistry which for compact- 
ness and completeness is unrivalled. All chemists 
have cause to be grateful to those who participate in 
the difficult task of surveying the fields of knowledge 
which they are so well fitted to traverse. The more 
recent policy of attempting to cover, however briefly, 
all the important work of the year, rather than to 
provide reviews of selected parts of it, which is 
possible in the case of inorganic and organic chemistry, 
seems on the whole to be a good one. In physical 
chemistry it is scarcely possible, and selected topics 
are treated from year to year, the material which has 
accumulated in the interval being brought together. 
The book is one which every chemist and every 
advanced student should have, and its relatively low 
price puts it well within his reach. 


J. R. PartTiIncron 


MEGALITHIC TOMBS OF FRANCE 


The Prehistoric Chamber Tombs of France 
A Geographical, Morphological and Chronological 
Survey. By Glyn Daniel. Pp. xx+282+32 plates. 
(London: Thames and Hudson, Ltd., 1960.) 70s. net. 
O win appreciation for some phase of antiquity 
on the strength of modern excavations is far 
easier than what has been undertaken here—where 
the antiquities concerned have been known for 
centuries, until only yesterday often excavated badly, 
and celebrated in a literature in which perverse and 
obsolete terminologies have run riot. Dr. Daniel, 
supported by his wife, and with backing from many 
quarters as well as friendly French co-operation, has 
for long been working towards a systematic account 
of the megalithic and related stone tombs of France, 
their form and contents, and their placing in the 
frame of European prehistory in the third and second 
millennia B.c., to which in general they belong. This 
book, by no means his first study of megalithic 
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structures, is his best so far. It is not too hard to 
read. Though he as well as others will certainly follow 
it with further work, yet he has broken the back of the 
subject’s principal difficulties. These, above all in 
classification and terminology, were formidable in a 
manner made peculiarly acute by the history of this 
study among the French, which he traces in a 
sympathetic chapter. The core of the work then comes 
in the 150 pages describing the tombs themselves, 
using, from the multitude of some 6,000 recorded, the 
numbers intelligible to-day in each of seven main 
regions : the North, Brittany, the Centre-West, the 
South-West, the South, the Centre, and the East. To 
visit these or their remains, perhaps 1,500 of them, 
the Daniels have travelled, tramped, recorded and 
tramped again, cheerfully making friends by friend- 
liness and amassing information; the mass is here 
given to us critically sifted and classified, and stead- 
fast readers will find that it makes sense. The stead- 
fastness is of course put to some strains, though the 
worst is not the terminology, because Dr. Daniel has 
worked so hard to straighten the tangle of both 
French and English theoretical and descriptive terms. 
The most unnecessary is his assumption that readers 
can do without any sketch of the background in 
Mediterranean and Iberian lands whence French 
tomb-building was initially inspired. For of his two 
main categories, passage-graves come all from Iberia, 
whether Atlantic-wise to Brittany or Mediterranean- 
wise to the South, while gallery-graves may now be 
Iberian too, now adapted in the South from rock- 
tombs in Sardinia. One is supposed to have looked up 
classes of pottery, too, such as Bell-beaker or Polada, 
elsewhere beforehand. 

The same applies to the chronology. For nearly all 
the dates used are borrowed, without reason for them 
given, from other lands. In the second millennium, 
most are slightly too low; in the third, the whole 
scheme may need drastic raising to meet carbon-14 
determinations, which began to invade the megalithic 
field just when the book was finished. Yet this again 
means that it is timely: it tells us what the pattern is 
that carbon-14 may alter; and without that, the new 
have looked like making confusion 
The book deserves a _ serious 
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method would 
worse confounded. 
welcome. 


MATHEMATICAL DELIGHT 


The Language of Mathematics 
By Dr. Frank Land. Pp. vii+ 264. (London: 
Murray (Publishers), Ltd., 1960.) 21s. net. 

N an essay which formed part of the symposium 
I “The Quality of Education’, Dr. J. Bronowski 
put forward in 1947 the thesis that mathematics was 
a language. For many people this statement would 
seem to be an exaggeration if their remembrance of 
the subject was little more than a series of tricks 
designed to get the ‘right answer’ by the application 
of routine processes. Yet a little reflexion will 
show clearly that some, at least, of the essential 
constituents of a language are certainly present. 
There is a vocabulary (which like most may be merely 
remembered); there is certainly a grammar, the rules 
of which must be rigidly followed. It is a necessary 
means of communication about the real world, and 
here the limits need not be set within national bound- 
What has been so long neglected is the «esthetic 


John 


aries. 


appeal of this discipline, rigid in its logic but thrilling 
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in the power of its ‘literature’ and its ‘poetry’. The 
past thirty years has been a time of amazing develop. 
ment at the frontiers of knowledge in this field, but 
there has also been astonishing progress in the methods 
of teaching at all stages from the primary school 
onwards. 

Dr. F. W. Land, the professor-elect in education at 
the University of Hull, carried out an investigation 
into the ‘“‘attitude and attainments of 2,000 grammar ° 
school leavers’’, and the study revealed the need to 
present the fundamental principles of mathematics 
in a new light for the mature reader. The Shell 
International Petroleum Co. made it possible for k 
Dr. Land to embark on this project, and the present — ene 
volume is his very successful attempt to satisfy this ter 
need. The book is published in two bindings, and there — em! 
is now available a set of exercises which will add to | bet 
the profit of those who approach it with serious  diti 


intentions. suff 

It is in every respect a delightful book; merely to asa 
turn its pages is an attractive occupation and the of a 
reader is drawn again and again to browse, to ponder tot) 
and then to read with understanding. Little in the mac 
way of prior knowledge or acquired ability in mathe. | wav 
matics is necessary from those who begin. If they are / pare 
prepared to think as they read, the author’s enthus. long 
iasm and clarity of expression, supported by Margaret _ bar¢ 
Clark’s beautiful illustrations, will carry them along. | asse 


I read it at a single sitting and have no hesitation | are 


in saying that it should form part of the general] | abot 
studies course in every sixth form, as well as being a | they 
source of pleasure and profit to every intelligent adult. | strar 

The first six chapters are devoted to arithmetic, but | force 
they range far outside the limits of commercial caleu- | impc 


lations, which is all that so many students know Te 


about the concept of number. There is an attractive | /ikel 
treatment of the problems of the calendar, and a © surv 
careful discussion of the British system of units. Then Mare 
come four chapters concerned with the generalizations | phys 
which we know as algebra, though here again the | sity, 
range is wide and the treatment exciting; the use of | point 
graphs leads to such unexpected considerations as the , coine 
whirls on the shell of Nautilus and the florets in the | accele 
heads of Compositae. The second fundamental | Unive 
concept of mathematical thought, the concept of outst 
space, includes within its two chapters much that is , worth 
traditional in geometrical teaching, but map projec- | part i 
tions and the four-colour problem, some elementary | the f 
topology and the applications of Euclid’s golden | meeti 
section, show how Nature has her laws which man j Was rm 
may understand and use though he cannot control / Sixt 
them. The final chapter, on statistics, is perhaps the came | 

only part of the book in which considerable demands ‘Tom 
are made on the reader, for though the treatment | Unive 
of normal distribution is easy and interesting, the Adelai 
development of correlation and the use of scatter | Mania 
diagrams may cause some readers to put aside the | Papers 
last few pages for ‘another day’. | Stowth 
A tribute is due to Will Carter, who designed the from t 
volume; his collaboration with the printers has by the 
produced a book of lasting value and immediate | ‘otal n 
appeal. The proof reading was carefully done for there | 'wenty 
are few misprints. Such blemishes as the statement } siderab 
(p. 171) that the three angles of a triangle “‘add up to |. > T 
in the . 


a straight line’, and the drawings (p. 156), which are 
neither isometric nor perspective, can easily be the ter 
removed with a second edition, and this should soon ? field, if 
be needed. The book ought to be in every public 
library in the country—or rather its place on the P 
shelves should permanently be empty. the Austr 
W. J. LANGFORD Science m 
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FUTURE OF NUCLEAR PHYSICS IN AUSTRALIA“ 


By Pror. E. W. TITTERTON, C.M.G. 
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Research School of Physical Sciences, Australian National University, Canberra 


into two main categories—what I shall call low- 
energy and high-energy nuclear physics. In general 
terms I would define low-energy nuclear physics as 
embracing the energy-range for bombarding particles 
between zero and some 50 MeV. Under these con- 
ditions the incoming bombarding particle is of 
sufficiently long wave-length to see the target nucleus 
asa whole; that is, we are able to study the properties 
of all nuclei available to us. At higher energies, up 
to the maximum presently available from accelerating 
machines, which is 25,000 MeV. or 25 GeV.. the 
wave-length of the incoming projectile is small com- 
pared with the nuclear size and the interaction is no 
longer with the nucleus as a whole. To the bom- 
barding particle, all nuclei look the same—just an 
assembly of neutrons and protons. The interactions 
are nucleon-nucleon interactions, and tell us little 


agape into nuclear physics nowadays falls 


about nuclear structure; among other things. 
they lead to the production of mesons and 


strange particles which are associated with nuclear 

force fields and which, therefore, are of great 

importance. 

To see what the Australian role in these fields is 
likely to be in the future, it is perhaps easiest to 
survey, first of all, the present position. Early in 
March this year, a major conference on nuclear 
physics was held in the Australian National Univer- 
sity, Canberra. In many ways it marked a turning- 
point for Australia—partly because it was held to 
coincide with the final stages of erection of a new 
aceelerating machine at the Australian National 
University, and partly because, for the first time, 
outstanding overseas research workers felt it to be 
worth while to travel to Canberra especially to take 

| part in the meetings and learn what was going on in 
the field in Australia. In the four days of the 
meeting, virtually all current work in Australia 
was reviewed. 

Sixty-two papers were read, of which twenty-eight 
came from the Australian National University, eleven 
from the University of Melbourne, six from the 
University of Sydney, four from the University of 
Adelaide and one each from the Universities of Tas- 
mania and Western Australia; the remainder were 
papers given by overseas visitors. The vigorous 
growth of the work in the country can be judged 
from the fact that at a similar conference organized 
by the Australian National University in 1958, the 
total number of papers presented from all sources was 
twenty-eight; the output of work increased con- 
siderably in the three-year interval. 

In Table 1 a summary is given of work going on 
in the Australian universities. It will be seen that of 
the ten universities, seven have some work in the 
field, if one includes work in cosmic-ray physics. In 
} "cent years, as is shown, there has been a very strong 


’ * Substance of the presidential address delivered to Section A of 
he Australian and New Zealand Association for the Advancement of 
‘itnee meeting in Brisbane, May 30, 1961. 


Table 1. SUMMARY OF 
IN 


development of theoretical nuclear physics in the 
country. This came about partly because of the 
intrinsic importance of such work, but more impor- 
tantly because big capital investment is not required 
and, apart from computer time, expenditure for 
theoretical work is limited to salaries and the pro- 
vision of office accommodation. The situation is quite 
different in the case of experimental nuclear physics, 
especially if one leaves aside the rather specialized 
work in cosmic rays. Worth-while work in nuclear 
physics necessitates big capital expenditure for 
laboratories, accelerating machines, detecting equip- 
ment and data processing, while considerable staffs 
of technical assistants are required to maintain the 
very complicated equipment and aid the experimental 
work. Because of this heavy demand on money and 
on staff, such work is pursued only in the University 
of Melbourne and at the Australian National Univer- 
sity. The former has four accelerating machines—one 
variable-energy cyclotron capable of yielding protons 
up to a maximum of 12 MeV., two electrostatic 
generators capable of voltages up to 800 KeV., and 
an electron synchrotron yielding a peak energy of 
18 MeV. Of these, the cyclotron is a major experi- 
mental tool, and has, for some time. been turning out 
important experimental results. 


NUCLEAR RESEARCH WORK NOW IN PROGRESS 
AUSTRALIAN UNIVERSITIES 








University Scientist in charge Type of work 








Australian National | Sir Mark Oliphant Particle (high-energy) 
University physics including 
the design and con- 
struction of a 10,000- 
MeV. proton accel- 

erator. 
Theoretical work in 

nuclear physics. 
Experimental work 

in nuclear physics. 


| Prof. K. J. LeCouteur | 


Prof. E. W. Titterton | 


Theoretical work in 
nuclear physics. 
Experimental work 
nuclear physics. 

Experimental work 
in cosmic-ray 
physics. 


| Prof. C. B. O. Mohr 
Prof. D. Caro 
| Dr. V. D. Hopper 


University of 
Melbourne 


University of Prof. H. Messel | Theoretical work in 
Sydney | } cosmic rays. 

Prof. S. T. Butler | Theoretical work in 
nuclear and particle 
physics 

Experimental work 
in cosmic-ray 
physics. 


Prof. C. B. McCusker | 


| 
Prof. H. 8. Green Theoretical work in 

nuclear physics and 

| high-energy physics 


University of 
Adelaide 


Prof. J. M. Blatt | Theoretical work in 


nuclear physics. 


University of New 
South Wales 
Dr. A. G. Fenton | Experimental work 
in cosmic-ray 

physics 


University of | 
Tasmania 


Dr. H. Thies | Certain photonuclear 


experiments. 


University of | 
Western Australia 
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At the National University there are four acceler- 
ating machines, including a 1,200-KeV. Cockcroft 
Walton accelerator, an 8-MeV. cyclotron, a 33-MeV. 
electron synchrotron and a 12-MeV. tandem electro- 
static accelerator completed in May of this year. 
Nearing completion is a 2-MeV. Van de Graaff 
generator which will serve in the dual role of an 
accelerator in its own right and also as an injector to 
allow helium ions to be accelerated in the tandem. 
Under construction there is a 10-GeV. (10,000 MeV.) 
proton synchrotron which will be powered by a giant 
homopolar generator capable of currents in excess of 
a million amperes. 

This last machine, which is being constructed by a 
group working under Sir Mark Oliphant, incorporates 
novel features, many of which were essential to allow 
the machine to be built with the funds and staff 
available. Thus an orbit of about 30 ft. diameter was 
chosen, and this requires restraining magnetic fields 
at the orbit of 80,000 gauss or so. Such fields cannot 
be achieved with an iron magnet, and an air-cored 
system was therefore chosen. This necessitates 
currents of peak value near to 1} million amp., 
requiring a homopolar generator with liquid metal 
brushes as power source. The penalty which one 
pays for this ‘poor man’s’ high-energy accelerating 
machine is a low pulse-rate—approximately 1 pulse/ 
10 min. In competition with overseas machines in 
the same energy-range, where pulse-rates are one 
every | or 2 sec., this means that there is a severe 
intensity disadvantage. The field of experimental 
work in high-energy physics with this machine when 
it is completed will therefore be limited. 

The homopolar generator, however, will be a 
most useful power source for other purposes—for 
example, certain investigations in the plasma physics 
tield. 

This accelerator of Oliphant’s is likely to be the 
only one built in the high-energy field in Australia. 
The reason is that investments now being made for 
high-energy accelerators of 10 GeV. and upwards 
overseas are in the range of £4.10 million—£A.100 
million with similar sums of money per installation 
required for ancillary experimental equipment. More- 
over, the teams of people required to build, operate 
and use such equipment approach, for one installa- 
tion, the entire physics staffs of the combined Aus- 
tralian universities. It is therefore clear that in the 
future, Australia will be unable to compete with the 
big nations in the field of high-energy experimental 
particle physics. Some work can go on profitably in 
cosmic-ray physics, but this is likely to be on the 
more geophysical aspects of the subject rather than 
in the nucleon-nucleon interaction field where, again, 
the intensity advantage and flexibility of experi- 
mental arrangement make an accelerating machine 
the highly preferable tool. There is no reason, 
however, why effective theoretical work in the high- 
energy field should not be carried out in Australia, 
and it is encouraging to note that small groups are 
already in being in Adelaide, Canberra and Sydney. 

To return to the field of low-energy nuclear physics, 
[ should remark that, in addition to the work going 
on in the universities, there is a group at the Aus- 
tralian Atomic Energy Establishment, Lucas Heights, 
Sydney, whose task it is to make certain nuclear 
measurements of importance to the atomic energy 
programme. It is called the Reactor Physics Division, 
and was responsible for the nuclear measurements 
made in Australia’s first reactor Hifar, and it has 
now acquired a smaller reactor named Moata for the 
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needs of its own work. 
applied nature, but some of its studies in neutron 
physics, for example, neutron diffraction, will be oj 
wider interest. 

A joint Universities-Atomic Energy Commission 
organization called the Institute for Nuclear Science 
and Engineering is now beginning to operate effec. 
tively. It has offices and laboratories at 
Heights, and members of staff of any Australian 
university desiring to use the unique facilities at 
Lucas Heights are encouraged to go and work there 
Although the Institute will be able to support some 
nuclear physics work, this is likely to be a small part 
of its overall programme since the nuclear problems 
which can be tackled using a fission spectrum in a 
reactor are limited in variety. It is to be expected 
that most experimental effort will go into chemistry, 
metallurgy, solid-state physics, biology and medicine, 
and perhaps geophysics. 

It will be apparent, then, from this brief survey 
that the future of nuclear physics in Australia wil 
reside, on the experimental side, in the fields of low 
energy nuclear physics with some peripheral activities 


in cosmic rays and plasma or thermonuclear physics. j 


But there is no reason why, on the theoretical side, 
work should not range over the whole field providing 
always that our theoretical colleagues give adequate 
backing to the low-energy experimental programmes 
going on in the country. 

It was for reasons of the type outlined above that 
in considering the future programme at the Aus 
tralian National University we chose to make 
major investment in the field of low-energy nuclear 
physics by building a tandem electrostatic generato 
which is the most flexible and sophisticated too 
available to the experimenter at the present time. 

But, first, I want to offer reasons why I believe it 
is essential to have at least two flourishing schools o! 
experimental nuclear physics research in the country 

The training received by a graduate in going toa 
Ph.D. degree in nuclear physics is about the broadest 
I know. The student must learn to handle a wid) 
variety of equipment—electronics, both valve and 
transistor, vacuum physics, thin film preparation. 
accelerating machines, a wide variety of light and 
ionization detectors, multichannel memory storag:, 
devices, data processing systems and so on—merel; 
as tools for doing the job of an experiment in nuclear 
physics. Then he must have an adequate under 
standing of the basic theory to be able to interpr') 
the results properly. I am inclined to agree with Dr/ 
Louis Rosen, a recent visitor to our Laboratory fror 
the U.S. Atomic Energy Commission, who said 
‘‘We find that training in nuclear physics is the bes 
a physicist can get. Such men have great breadth 0 
outlook and a remarkable diversity of knowledg 
They can turn their hands at any time to solv 
difficult problems of technology which continual!) 
arise in the country” 

This point was demonstrated most effectivel 
during the War, when it was found that the nuclew 
physicists recruited from the universities, both in th 
United Kingdom and the United States, rapidly too: 
over the leadership in the development of radar ant 
operational research methods before going on & 
develop the nuclear reactor—the power source of tl 
future—and the uranium isotope separation method 
required to obtain the highly fissile materiah} 
plutonium and uranium-235, necessary to mab 
facture the nuclear bombs which _ finished _ 
War. 
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Fig. 1. Schematic diagram of the original (single ended) Van de 


Graaff accelerator. Charge from a power supply G is sprayed 

into a moving belt B and carried to a hollow spherical terminal 

T where it is removed. Charge of the opposite sign can be sprayed 

into the belt from the power supply G@’ and carried from the 

terminal if desired. The practical voltage limit to such a machine 
is 6-7 million volts 


Out of these nuclear developments has grown the 
biggest industry in the world—the nuclear or, as it 
is popularly called, the atomic energy industry. This 
will provide an ever-increasing proportion of the 
world’s power resources as fossil fuels become depleted. 
and it will become essential in the long-term develop- 
ment of Australia. The most promising energy source 
after fission resources become exhausted—and they 
will have a life-time of some 50,000 years—is again 
a nuclear one. It arises through the synthesis of 
heavier elements from lighter ones through fusion or 
thermonuclear reactions similar to those we now 
know provide the major source of stellar energy. 

Fission and fusion then are two compelling practical 
reasons why any forward-looking country must study 
low-energy nuclear physics. 

My final reason is probably the most important. 
Although we have an ever-increasing knowledge of 
the properties of nuclei, we are still far from under- 
standing the detailed structure of nuclei, and the 
seat of the very strong nuclear forces which bind 
the nucleons together in a nucleus. It is a major aim 
of nuclear physics research to try to provide such 
understanding. 

To illustrate the scale on which one needs to 
operate in low-energy nuclear physics these days, I 
can do no better than to describe our new installation 
in Canberra. The ingredients for nuclear experi- 
mentation are: (1) appropriately prepared targets; 
(2) an accelerating machine with which to produce 
the fast particles with which to bombard the target; 
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(3) detecting and recording equipment to observe the 
particles or radiation leaving the target as a result of 
nuclear reactions. 

Target preparation is an art in itself, and will not 
be discussed here, but I should say something about 
the other two since this is where the big expenditure 
and effort lie. 

To-day, for precision work in nuclear physics, the 
choice of the experimentalist is for an electrostatic 
accelerator of the type first built by R. J. Van de 
Graaff in the United States. Such machines are 
exceptionally useful for investigating properties of 
nuclei because they produce highly collimated beams 
of bombarding particles the energy of which can be 
varied continuously and smoothly, and they yield 
particles which are nearly monochromatic in energy. 

The operating principle of a conventional electro- 
static generator is illustrated in Fig. 1. An endless 
belt, B, of rubberized fabric, runs over two pulleys 
placed one above the other. Electric charge from a 
power supply, G, is sprayed on to the lower end of 
the rising half of the belt by means of corona dis- 
charge from points on a metal comb, C. The charge 
is carried up by the belt and at the top enters a 
spherical hollow metal terminal, 7, to which the 
charge is transferred from the belt by means of 
another comb, C’ Alternatively, charge of the 
opposite sign can be sprayed on to the belt from 
another power supply, G@’, inside the terminal. In 
this way, the positive charge on the terminal is con- 
tinually built up, the potential obtained being limited 
only by the rate at which it leaks off, or by electrical 
breakdown to the surroundings. 

An evacuated acceleration tube, consisting of 
alternate sections of and metal, connects 
between the terminal and earth potential. An ion 
source mounted at the upper end of this tube supplies 
positively charged particles such as protons, deuterons 
or tritons, and these are accelerated through the 
potential difference between the terminal and the 
ground. The higher the maximum voltage to which 
the terminal is required to be raised, the longer the 
accelerator tube needs to be and the larger the 
diameter (and therefore the electrical capacity) of 
the terminal must be to withstand the voltage stress. 

In actual fact it turns out that 6-7 million volts is 
the practical limit, partly because, beyond this figure, 
the total stored energy in the terminal (} CV*) is so 
great that any odd arc discharge from it to the sur- 
roundings causes great damage to the system. Un- 
fortunately, 6 million volts are insufficient for many 
of the problems we want to attack, and it became 
necessary to improve on this. The machine just 
completed at the Australian National University will 
allow particles to be accelerated to more than 12 MeV. 
and is a tandem accelerator. It employs ion exchange 
techniques for increasing beam energy which were 
suggested many years ago by W. H. Bennett, but 
which at the time were not practical. Renewed 
interest in the idea occurred when physicists learned 
how to produce negatively charged hydrogen ions, 
that is, protons to which two electrons have been 
attached. Such ions can be produced with an intensity 
of about 2 parts in 100 when a beam of protons, 
accelerated through a potential difference of about 
20 kV., is allowed to pass through hydrogen gas. 
Under such conditions the velocity of the protons 
corresponds approximately to the velocities of the 
outer orbital electrons in the gas atoms and leads to 
the formation of the negative ions. This negative ion 
beam is then analysed magnetically so that unwanted 
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particles, such as neutral particles POSITIVE HIGH VOLTAGE TERMINAL 
and electrons, are removed from \ 
the ion beam. The clean ion 
beam is then injected into the ELECTRON ADDING CANAL ANALYZING MACNET 
tandem accelerator, as indicated \ ane an te) 
in Fig. 2. The negative ions are \ os / 


accelerated by the positive voltage 
on the central high-voltage elec- 
trode of the machine. When they 
this terminal the negative 
ions are moving with a _ centre 
of mass velocity which 
compared with that of the outer 
electrons about a nucleus. In 
these circumstances, by allowing 
the ion to pass through a 
tube containing gas (called the 
‘stripper’ tube), electrons are 
stripped off and the emergent beam 
consists of positively charged parti- 
cles. The pressure in the 
stripping canal can be maintained at 
a low enough value so that the energy lost in passing 
through the gas is negligible (less than 0-5 keV.). 
The positive ions so formed are then pushed away 
from the positively charged central terminal and are 
accelerated in the second half of the stack. The 
energy of the emergent beam is therefore twice that 
of the terminal voltage and, with 6 MV. on the 
terminal, the emergent beam has an energy of 12 MeV. 


reach 


is large 


beam 


Fig. 2. 


gas 


The tandem generator has many possibilities for 
experimental work. It is the most flexible acceler- 
ating machine yet built, for the reason that the ion 
source and the target assembly are both at earth 
potential and readily accessible to the experimenter 
(the ion source in the conventional Van de Graaff 
Fig. 1, is in the high-voltage terminal 
pressure shell of the machine and is 


generator, 
within the 
inaccessible). 

Proton and deuteron beams with energies of about 
12 million volts and oxygen ions with energies of 
30-40 MeV. can be readily obtained. In the more 
distant future, ion beams of lithium, fluorine, and 
any other element capable of forming negative ions 
(a criterion which includes about half the Periodic 
Table) may be produced. 

Unfortunately two very important projectiles, 
helium-4 and helium-3, do not form negative ions 
long-lived enough to be accelerated with intensity 
comparable with protons, deuterons or tritons. In the 
near future, therefore, we are planning to install an 
injector which will make such acceleration possible. 
This will use a conventional 2 million volt electro- 
static machine in which He* ions are accelerated to 
about 700 keV. (which is an optimum figure for the 
purpose), neutralized in a charge-exchange canal, 
injected into the tandem machine and allowed to 
coast, without gaining energy, to the high-voltage 
terminal. There, as before, they are stripped of two 
electrons, becoming He++, and in falling through 
the potential difference of 6 MV. in the second 
accelerator tube gain 12 MeV. of energy to emerge 
with a total of 12-75 MeV. The injection machine 
will be mounted on a turn-table and railway arranged 
so that, when not in use for helium-ion injection to 
the tandem, it can be run back into an adjacent 
laboratory, rotated through 140° and used as a 
2-MeV. accelerator in its own right in conjunction 
with an appropriate analysing magnet which can 
switch the beam into either of two directions for 
experimental work. 











Functional diagram of the operating principles of a tandem electrostatic 


accelerator 


This example of the helium-ion injector illustrates 
one of the great advantages of the tandem accelerator. 
Because the ion source is at ground potential and 
readily accessible, there are virtually no limits to the 
power consumption, size and complexity of the 
injector system. For example, musec. time of flight 
techniques (which are important in many experi- 
ments) can be applied very readily with the tandem 
generator, since radio-frequency deflexion and bunch- 
ing can be carried out on the low-energy beam 
before injection. Further, it may be possible in the 
future to polarize the nuclei of negative ions and 
eventually produce beams of polarized ions, which 
would open up entirely new fields of experiment- 
ation. 

Preliminary experiments with the tandem acceler. 
ator show that the peak-to-peak ripple at 5-1 MV. 
on the high-voltage terminal under beam conditions 
is 1-6 kV. with a slow drift of 0-5 kV. The voltage 
stability of the beam is therefore better than one 
part in a thousand, and to make use of this it is 
necessary that precision detecting equipment be 
available in the target area. 

Two major units will be available for precision 
experiments—a 24-in. double focusing 180° spectro- 
meter and a 65-cm. Buechner particle spectrograph, 
both of which can analyse the charged particles 
leaving a target under bombardment. The former 
incorporates a 20-ton magnet having a specially 
shaped magnetic field of value quadratically depen- 
dent on the radius of the particle trajectory in it. 
In cylindrical polar co-ordinates there arises a radial 
component of the field in addition to the z-component, 
enabling focusing in the z-direction to be effected as 
well as radial focusing. By shaping the field so that 
the coefficient, «, of the first-order term of H,(r) is 
exactly one half, the radial and z-focuses coincide for 
all values of object distance, and in our spectrometer 
object distances 9—26 in. from the field boundary can 
be chosen. The size of the image given by such a 
magnet depends on the object size and aberrations. 
Aberrations can be reduced considerably by choosing 
the coefficient, 8, of the quadratic term in 4,(r) 
correctly. The pole-face profile is therefore com- 
plicated, but successful achievement leads to 4 
greater solid angle of particle acceptance. In the 
present instrument, for equal object and image 
distances the solid angle of acceptance is 0-01 steradian 
at 0-1 per cent energy resolution for fields up to 
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Fig. 3. 


and — 25°, to be obtained. 


10,000 gauss—sufficient to analyse protons of energy 
up to some 25 MeV. In use it is mounted on a trolley 
and is fed with current through flexible cables so that 
it can be rotated around a target from + 10 to 
— 155° to analyse reaction products as a function 
of angle. 

The second major piece of equipment—the Buech- 
ner spectrograph—will be installed early in 1962. It 
differs from the spectrometer in that it will accept 
and analyse particles having a wide range of energies 
simultaneously; in fact, at one field setting particles 
in the energy-range from E to 2-4 E are recorded. In 
this case the magnet employs a uniform field having 
a circular boundary which focuses particles from the 
target located outside the field along a hyperbolic 
focal surface also outside the field after a mean 
deflexion of 90°. Again an energy resolution better 
than 1 part in 1,000 can be achieved and recording is 
by nuclear emulsion, the plate being bent to take up 
the shape of the focal surface. With this device the 
solid angle of acceptance is much smaller—about 
1-4 x 10-% steradian—but the photographic emulsion 
detector can integrate the particle spectrum over a 
lengthy run and over the wide range of energies. At 
a field of 12,000 gauss the spectrograph will record 
protons and a-particles up to 35 MeV. and deuterons 
up to 17-MeV. energy. The magnet weighs 16 tons 
and can be rotated about the incident beam from 
-10° to +130° to enable angular distributions to 
be measured. 

In addition to the spectrometer and spectrographic 
methods of analysing reaction products, the more 
conventional electronic—gas counter, scintillation 
counter—and nuclear emulsion techniques will be 
employed. 

The more recently developed silicon surface barrier 
detectors are likely to have very wide application; 
they are compact, with a 100 per cent detection 
eficiency for charged particles, a iinear energy- 
dependence over a wide range and extremely short 
pulse rise time. In some of those we have made 
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The tandem accelerator at the Australian National University viewed from the 
high-energy end. In the foreground is the 90° analysing magnet. On the left (not yet 
connected to the machine) is the switching magnet which allows three beams, + 25°, 


The accelerator pressure Vessel is in the background 
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in the laboratory, energy resolu- 
tions of 1 per cent have been 
achieved for «-particles and this 
necessitates the use of low-noise 
amplifiers. Unfortunately, at pre- 
sent, the layers are thin for protons 
and detect linearly only up to some 
3 or 4 MeV. These counters, how- 
ever, are ideal for many purposes— 
particularly the simultaneous study 
of particles emitted at a number 
of angles from a target. 

Most detectors present a problem 
of pulse-height analysis—determ- 
ination of the spectrum of pulses 
arising from them and multichannel 
kicksorters capable of accepting the 
data, sorting it into 400 or 512 
channels, storing it for the dura- 
tion of a counting period and then 
printing it at the end of the run are 
necessary. For reliability these de- 
vices are largely transistor operated ; 
we have two in operation and will 
install another two in the course of 
the next year. 

The foregoing review will indicate 
that in the immediate future experi- 
mental nuclear physics is well cared 
for in the Melbourne and Canberra 
laboratories, while theoretical nuclear physics is flour- 
ishing both in these laboratories and in other universi- 
ties too (Table 1). The question may be asked whether 
there should be more work in the general field. This 
must be answered in relation to the problem of a 
balanced development of physics in the country. To 
set up a new and effective Department of Experi- 
mental Nuclear Physics would require a capital 
investment of between half a million and one million 
pounds, with running expenses of perhaps £150,000 
per annum. However enthusiastic one may be about 
the discipline, it must be admitted that in the present 
stage of national development, such funds put into 
other, possibly less-glamorous and _less-spectacular 
but no less-important, parts of the physical sciences, 
would ensure a better balance in the overall develop- 
ment of physics in Australia. But we, like other 
Western countries, will have to build further univer- 
sities in the next two decades and it may be that 
expansion of nuclear activities could take place 
then. 

Along with some others of my colleagues, I have 
become concerned at the way research in physics is 
being represented to the public. In the public mind 
there is a tendency to believe that the building of 
nuclear reactors, the placing of satellites into orbit, 
the production of nuclear bombs and the plans for 
men to visit the Moon are science. Such projects do, 
of course, use the knowledge gained in past research, 
but at best they are applied science, and more 
generally steps in a development programme; as 
such, of themselves, they add little to our store of 
fundamental knowledge. 

Pure research in physics cannot be carried out in 
the full glare of publicity of Press, radio and tele- 
vision. There is nothing certain about it; it flourishes 
quietly and methodically in the laboratory. Its 
results go to acknowledged responsible scientific 
journals both in Australia and overseas, and its merit 
is judged by colleagues in the international com- 
munity of scientists. 








644 


THE ROAD RESEARCH LABORATORY : 


PEN days were held by the Road Research 

Laboratory (Department of Scientific and Indus- 
trial Research) on Wednesday and Thursday, May 
3-4, 1961. 

The work of the Traffic and Safety Division was 
shown at the new Road Research Track at Crow- 
thorne, Berkshire. The track is three miles long and 
is in the form of a figure eight with a large paved 
area 900 ft. in diameter in the centre. A detailed 
description of the track has been given in Nature 
(188, 894; 1960). 

The display at Crowthorne comprised static 
exhibits in marquees and in an underground labora- 
tory, and several demonstrations of the work on 
vehicles, skidding, road user behaviour, and traffic. 

In one marquee, equipment used in traffic studies 
was on view and included traffic counters, a recording 
speedmeter, data recorders and multi-channel tele- 
metry equipment for traffic studies over wide areas. 


Traffic and Safety 


Demonstrations were given of some of the work 
undertaken in the application of electronic guidance 
to motor-vehicles. 

A car was driven along a bend on part of the track 
in which detector loops were buried in the road. The 
passage of the car caused lights to be switched on, 
and remain on until the car was three loops away. 
In fog such a device could reveal to a driver in a car 
how far ahead the road was clear. Similar detectors 
could be used to check the speed of passing vehicles 
and warn drivers when they were exceeding the speed 
limit. 

In another demonstration of the use of electronic 
control, a car with its windscreen blacked ont was 
driven along a straight section of the track. The 
driver was guided by his instruments, which were 
actuated by two coils at the front of the vehicle to 
pick up impulses from a guide wire on the ground. 
An audible signal was transmitted to the car, and for 
the purpose of demonstration was amplified over a 
loudspeaker system. When the driver was on course 
the signal was heard loud and clear, when the driver 
moved away from his predetermined course the 
signal was weak. The transmission is actually made 
from the roadside via the guide wire beneath the 
centre of the track. On a road equipped with a guide 
wire this system could be used by traffic police to 
communicate with a motorist who had a suitably 
modified radio installed in his car. 

A possible development from these investigations, 
which are at present in their early stages, would be 
to link the signals direct to the controls of the car 
and thus drive the car automatically. In fact, in 
some runs the car steered itself entirely by electronics 
and was kept within 6 in. of the guiding cable. 

The greater resistance to skidding, and the shorter 
braking distances, that can be achieved with tyres 
having tread rubber with a high hysteresis loss was 
demonstrated by two identical cars, one following 
the other and about 30 ft. apart, at a speed of about 
40 miles per hour on a wet, slippery section of the 
track. At a given signal, each driver applied his 
brakes as in an emergency stop; the car equipped with 
conventional tyres travelled farther in coming to rest 
than the one fitted with tyres with tread rubber with 
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a high hysteresis loss. Experiments have shown that 
by this means braking distance can be reduced by 
about 14 per cent. ; 
Another series of demonstrations showed the [ 
advantage of fitting devices which prevent wheels’ y 
from locking when brakes are applied. A car was 
driven at 45 miles per hour on a wet surface, andthe 
driver applied his brakes as hard as possible to lock 4} 
the wheels. When using Maxaret units to prevent of 
wheel locking the driver did not lose directional 4, 
stability and was able to retain steering control and 
bring the car to a stop in a much shorter distance. de 
To help analyse the cause of accidents the Labora. | eo 
tory is using a camera suspended on a 40-ft, to 
collapsible pole which protrudes from the roof of a in 
van. The camera photographs, from above, the exact he 
position of vehicles that have been involved in an | ya 


accident. By this means it is hoped to obtain an 
information on deficiencies in vehicle design and road ne 
layout. } ros 

The Laboratory has been co-operating with the in 
glass industry in attempts to improve vision through 


toughened glass windscreens when they shatter. By ye: 
reducing the fragmentation of the glass to between | ref 
five and ten particles per inch in the part of the | ros 
windscreen immediately in front of the driver he is | on 
given reasonable vision when the glass is shattered. | sw 
The effectiveness of the new glass was demonstrated 5 of 
by driving a car with a shattered windscreen and pay 
manceuvring it around obstacles at about 20 miles 1 
per hour. whe 

The problem of getting information across to road } lay 
users in the most efficient way was shown by a per 
demonstration in the central area. Signs were on 
mounted on a car which was driven towards the | the 
spectators, who were then invited to record by | soil 
pressing push-buttons when they could read the _ beir 
signs; the distances at which they could do this were } Lab 


clearly indicated. Signs with different types of © stre: 
lettering were used. i cons 

About a hundred people are killed each year on | tion 
the roads in Britain as a result of cars striking lighting } In 
columns. The Laboratory is examining the design | and 
and positioning of columns with the view of minimiz- | ator 
ing injuries to road users. A film showed the effect of | The 
an 8 h.p. car hitting four types of lighting column— } drai: 
concrete, tubular and thin sheet steel, and aluminium. / and} 

The vehicle detectors now in use on the road can _ hydr 
register moving vehicles only; they cannot therefore an el 


distinguish between dense stationary traffic and the | show 


complete absence of vehicles. Two devices that can appa 
detect the presence of moving and stationary vehicles | Labe 
are now under development; both depend on the The 


change in the magnetic field produced by a nearby } char; 


metal object. is tri 

The Laboratory has been examining the possible _ recor 
applications of vehicle-presence detectors and 8 appa 
demonstration was given of the detection of congestion | as th 
in a roundabout. The equipment was also used to | the 
indicate imminent ‘locking up’ at a signal-controlled | meas 
roundabout. the ra 

A prototype device was shown that is being used } Also. 
in experiments with vehicle-actuated traffic signs on | and r 


high-speed roads. As shown in a series of demon: | the , 
strations, it ensures that the traffic signals will not | hydro 
change from green to amber when a driver approaches § atory 
an intersection at such a speed that he can neither | lating 
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stop safely nor clear the intersection before the ‘red’ 
appears. A transistorized form of the device is now 
under development by manufacturers. 
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Materials and Methods of Construction 


The work of the Materials and Construction 
Division was shown at Harmondsworth, Middlesex. 
where research is undertaken on pavement design, 
soil moisture and surface drainage, bituminous 
materials, concrete and special problems such as 
those arising from snow and ice and the measurement 
of surface irregularity. The Laboratory’s Tropical 
Section is also at Harmondsworth. 

A number of exhibits dealt with the problem of 
designing road pavements in relation to foundation 
conditions and the traffic to be carried. The Labora- 
tory has many full-scale road experiments in progress 
in which the performance of short sections laid on 
heavily trafficked routes is being studied. The main 
variables are the thickness and type of both surfacing 
and base in the case of flexible roads and the thick- 
ness of slab and weight of reinforcement for concrete 
Results from experiments which have been 
in progress for periods up to twelve years were shown. 

Severe frost, which occurs on average every 10 
years, can cause damage to road foundations. In a 
refrigerated road full-scale freezing tests on a typical 
road section were in progress. Apparatus was also 
on view for studying the moisture retention and 
swelling of soils, and photographs showed the relation 
of this work to practical problems associated with 
pavement failures. 

The function of a road pavement is to spread the 
wheel-loads so that the stresses in the soil and other 
layers of the road structure do not cause unacceptable 
permanent deformation. This load-spreading depends 
on the elastic properties and thickness of layers in 
the road. The stresses in the structure and in the 
soil can be determined theoretically and they are also 
being measured by equipment developed at the 
Laboratory. Exhibits were concerned with dynamic 
stresses measured under different forms of flexible 
construction and with the effect of repeated applica- 
tions of these stresses. 

In one building were assembled rainfall recorders 
and flow-measuring apparatus devised at the Labor- 
atory for use in research on surface-water drainage. 
The main objective of this work is the design of 
drainage systems both in relation to their efficiency 
and their cost. Apparatus is being devised for printing 
hydrological data directly on to tape for analysis by 
an electronic digital computer. A working model was 
shown of a novel automatic recording salt-velocity 
apparatus devised jointly by the Road Research 
Laboratory and the Hydraulics Research Station. 
The apparatus comprises a device for injecting 
charges of salt solution into the sewage (each charge 
is triggered at a pre-set depth of flow by a water-level 
recorder), two pairs of electrodes in the sewer and 
apparatus for recording the change in conductivity 
as the salt charges pass the electrode. This enables 
the velocity of flow between the electrodes to be 
measured for a range of depths; a relation between 
the rate of flow and the depth of flow is then deduced. 
Also on display was an analysis of records of rainfall 
and run-off for twelve catchment areas, employing 
the rational (Lloyd-Davies) method, the unit- 
hydrograph method and the Road Research Labor- 
atory hydrograph method. Two methods of calcu- 
lating sewer sizes for design purposes were on show; 
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both methods were devised at the Laboratory from 
the results of research into rainfall and run-off. In 
one method use is made of an electronic computer. 

Bituminous binders are viscous liquids adhering to 
the surface of roadstone. Viscosity and adhesion are 
therefore two primary properties, and an exhibit 
described problems connected with the measurement 
of viscosity, the effects of water on adhesion, and the 
use, in wet weather, of adhesion agents to prevent 
damage to a surfacing. The resistance of the binder 
to hardening under the action of weather plays a 
major part in road performance; research on 
hardening was described. 

There is at present considerable interest in the 
possibility of using bituminous materials in the con- 
struction of road bases. These materials combine the 
advantages of a bound material with a large measure 
of flexibility. Investigations are in progress in the 
Laboratory on the mixtures to be used, and experi- 
mental sections have been included in the full-scale 
experiments already discussed. The specifications at 
present recommended were shown. 

On rolled asphalt wearing courses in which the 
stone content is 45 per cent or less, it is normal 
practice to lay a final application of coated chippings. 
To spread the chippings uniformly by hand requires 
skilled labour and slows up the work even where 
there is no shortage of skilled manual workers. A 
working model was shown of a machine now under 
development that spreads coated chippings at a pre- 
determined rate. The machine consists of a hopper 
and rotating metering device carried on rollers which 
travel on the surface of the newly laid rolled asphalt. 
In the construction of new roads the spreader would 
be carried on rubber-tyred wheels on the concrete 
edge strip or on the base-course outside the mat being 
laid. 

A group of exhibits illustrated the factors that 
affect the riding quality of a concrete road and the 
procedures needed to obtain good riding quality. 
Experiments undertaken by the Laboratory have 
shown that, when efficient spreading and compacting 
machines are used, the riding quality obtained is of 
a very high standard, the average irregularity index 
being 32 in. per mile with only 25 per cent of the 
values greater than 40 in. per mile. No significant 
differences in riding quality were obtained when 
different mixes were used, and different mix pro- 
portions did not appear to be important when 
modern power-propelled plant was used. 

One of the problems investigated by the Laboratory 
is the possibility of using prestressed concrete for 
roads. ‘Tests have been undertaken to determine the 
performance of thin sections of prestressed concrete. 
An exhibit showed the comparative costs of reinforced 
and prestressed concrete roads, work done in col- 
laboration with the Belgian Centre de Recherches 
Routiéres, loading tests and measurement of subgrade 
restraint, and the development of a jack for pre- 
stressing slabs by cables with minimum interference 
with construction. In co-operation with the Belgian 
research organization a prestressed concrete road was 
built at Zwartburg, Belgium, in 1960. The experi- 
mental road is more than two miles long and includes 
prestressed, plain and reinforced concrete slabs. The 
performance of the road under traffic is being observed, 
and the possibility of carrying out loading tests will 
be considered at some future stage. 

In recent years sections of road have been con- 
structed with heating wires placed in the upper layer 
of the road structure to prevent the formation of ice 





646 


and frost, and to melt snow. A control device auto- 
matically switches on the heat when the road surface 
is cold and wet. The control device was shown in 
operation. The heating system has been installed in 
the underpass at Hook on the Kingston by-pass road 
(4.3) and in the one nearing completion at Hangar 
Lane, Ealing (4.40), on a bridge at Basildon, Essex, 
and on roads in Edinburgh, Slough and Harmonds- 
worth. The Laboratory has also assisted with the 
design of the heating systems for many sections of 
road, including the Hammersmith fly-over, the Hyde 
Park Corner under-pass in London and for the 
approach ramps to the new Clyde tunnel in Glasgow. 


Tropical Section 


One of the main aims of the Tropical Section is to 
systematize kuowledge of the engineering properties 
and occurrer.ce of the soils and roadmaking materials 
in different territories. Exhibits illustrated: the nature 
and engineering properties of soils in individual 
territories and areas, including the use of aerial 
photography in terrain evaluation; work on tropical 
gravels, their use in road building and their suit- 
ability for stabilization with Portland cement and 
hydrated lime; stabilization of sands—full-scale 
experiment in Nigeria employing bitumen and Port- 
tropical aggregates; the 
and moisture conditions 

pavement design in the 


land cement; tests on 
relation between climate 
under roads and runways; 
tropics. 

The rapid growth of road traffic in developing 
countries is both a factor in the development and a 
symptom of it. Examples were shown of investiga- 
tions in Uganda and North Borneo to determine the 
effects of providing roads on the rate and character 
of agricultural development. In the expanding towns 
and cities overseas there are already severe traffic 
problems and there is at the same time opportunity 
to plan the future growth of the towns so that the 
facilities required by future traffic are integrated with 
the needs of the community as a whole. Examples 
were shown of investigations undertaken in Hong 
Kong, Kingston (Jamaica) and Lagos to ease present 
traffic problems and to plan future needs. 


Scottish Branch 


The Scottish Branch of the Laboratory held open 
days during June 7-8 at Thorntonhall, Glasgow. The 
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Branch was established in 1949 with the view 
investigat'ng problems of particular interest to Scot- 
land, ma'-ing known to all concerned with roads and 
traffic in Scotland the results of work undertaken at 
the parent Laboratory in England, and encouraging 
the application of the results of research. 


of » 


' 
' 


While many of the exhibits displayed at Thornton. | 


hall were those originally on view at Crowthorne and 
Harmondsworth, there were a number that illustrated 
the work undertaken in Scotland. 

An investigation is being carried out on the effec 
of the new Forth road-bridge on the traffic patterns 
in the region. An exhibit described with photographs 
and maps an origin-and-destination survey carried 
out during the whole of one week in August 1960, 
Vehicles were stopped at three survey stations and 
more than 8,200 drivers, or about 43 per cent of the 
total, were questioned to obtain information on the 
traffic in the region before the opening of the new 
bridge. Analysis of the information obtained has 
not been completed, but preliminary results show 
that 22 per cent of the journeys start and terminate 


in Glasgow or Edinburgh, and about 34 per cent in | 


five major cities. 

The effect of new towns on the generation of traffic 
and on traffic patterns is being studied using East 
Kilbride as a ‘guinea pig’. Such studies should assist 
planners in predicting facilities required for new; 
towns, for example, the number of lock-up garages | 
that should be provided. In East Kilbride there is 
one car for every three families. 

There is a shortage of crushed stone in certain 
parts of Scotland, and the Laboratory has _ been 
examining the possibility of using morainic (glacial 
gravels for the construction of road bases and sur. 
facings. For the base, glacial gravels are mixed with 
cement to produce a ‘lean concrete’, for surfacings 
they are mixed with bitumen to provide a reasonably 
cheap and durable wearing course. Since 1956 many | 
short sections of road containing glacial gravels— 
each with a different composition—have been laid 
in various parts of Scotland. The results so far ar, 
very promising. 

Peat occurs in many regions in Scotland. This 
soft, water-filled, organic material is compressed when 
a road is constructed on it and this often results in 
an uneven road surface with a poor riding quality. 
A group of exhibits showed how the Laboratory is| 
tackling the problem of building roads on peat. 


OBITUARIES | 


Prof. A. W. P. Wolters 

Pror. A. W. P. Wotters, who died recently, was 
the first holder of the chair of psychology in the 
University of Reading and played an outstanding 
part in dissolving academic distrust of his subject 
and achieving its recognition. His patience in hand- 
ling the problems of its acceptance in the outside 
world was effective as well as exemplary. As deputy 
president, during 1936-38, and as president, during 
1939-41, of the British Psychological Society, he 
took a leading part in the difficult transformation 
of a somewhat ungainly association into an incor- 
porated body with specific professional, as well as 


scientific, aims. Wolters, too, was among the first 


to urge the opportunity and the need to employ 
people with a psychological training in the event of 


war. Unusual hardihood and a complete lack of 
aggressiveness enabled him to survive the official! 
flood of waste-paper and committee proceeding, 
which resulted. The idea that objective study of the 
human organism is not irrelevant to human welfar 
and efficiency thus gained some degree of official 
recognition in war and survived to spread effectivels | 
in peace. 

Wolters learnt his psychology, both academic ani | 
practical, the hard way. As a fourteen-year-old 
pupil-teacher, he had charge of the mental defective } 
‘“‘who littered the enormous classes’? of the Boar 
School where he taught. Perhaps this experienc! 
stood him in good stead later on. His catholi 
intelligence responded to such education as cam} 
the way of a pupil-teacher, and in due course he 
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entered University College, Reading, where he was to 
live and work for almost the rest of his life. W. L. de 
Burgh, the professor of philosophy, gave him such 
scope as was available to introduce psychology, 
and the good judgment with which Wolters handled 
this admirable but hazardous opportunity ensured a 
much earlier start for an independent department 
and honours school at Reading than was possible 
in many other places. His quiet advocacy, too, 
prevailed among manifold claims and _ restricted 
resources and somehow saw to it that a specially 
designed laboratory was built. Here, in the years 
which followed the War, he built up a school of 
psychology modest in size, but the quality of which 
aroused the envy and admiration of his colleagues 
elsewhere. At the same time his self-effacing talents 
were devoted to his University—he became deputy 
vice-chancellor in 1947—then preparing for complete 
removal to Whiteknight’s Park, and beset by the 
difficulties of post-War expansion. His moderation 
and his constructiveness in meeting these problems 
were indispensable. 

Wolters’s modesty and simplicity were inherent 
and free of contrivance, his perceptiveness unforced. 
His qualities stirred young people much, but himself 
only a little, to intellectual achievement. His main 
explicit contribution to psychology—an extension of 
Head’s concept of Schema into the field of conceptual 
thinking—is an original contribution the full implica- 
tions of which probably remain to be appreciated. 
But the inspiration of his teaching and the gentleness 
with which he deflated the pretentious will long be 
remembered and admired. R. C. OLDFIELD 


Prof. A. F. Kapustinsky 


ANATOLY FEDOROVICH KAPUSTINSKY was born in 
Zhitomir on December 19, 1906, and died in Moscow 
on August 26, 1960. He studied chemistry in the 
University of Moscow, from which he graduated in 
1929. His main field of research was in physical 
chemistry and thermodynamics. He was particularly 
interested in work on the energetics of chemical 
reactions, in the energy of the crystal lattice, in 
crystallochemistry and its application to geology. In 


NEWS an 


Applied Mathematics at Manchester : 
Dr. F. Ursell 
Tue Beyer professorship of applied mathematics 
at the University of Manchester is to be filled by 
Dr. F. Ursell from October 1, following the departure 
of Prof. M. J. Lighthill for the Royal Aircraft Estab- 
lishment in 1959. Dr. Ursell is at present a lecturer 
in the Department of Applied Mathematics and 
Theoretical Physics, University of Cambridge. He 
took the Mathematics Tripos at Cambridge during 
the early years of the War (in company with his 
predecessor in the Beyer professorship), and spent 
the remainder of the War at the Admiralty Research 
Laboratory, Teddington. The introduction which 
he gained there to problems associated with water 
waves evidently made a deep impression, for he has 
pursued such problems steadily and_ successfully 
since that time, and has done much to revive interest 
in a ‘classical’ subject which—like so many others— 
was thought to be well understood and well tilled 
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1933 he proposed the second principle of erystallo | 
chemistry, namely, that the energy of the crystal 
with its attendant properties is determined by the 
number of ions, their radii, their valencies, and their 
degree of polarization. At the same time he proposed 
a simplified equation for the energy of the crystal 
lattice in ionic crystals, and in 1943 he produced a 
revised equation, which enabled him to calculate the 
energy of the crystal lattice of compounds with 
complex ions. Still later, he produced a number of 
equations applicable to various crystallochemical 
problems. 

Besides these problems, Kapustinsky tried to solve 
many others, especially in thermodynamics. In col- 
laboration with B. A. Shmelev, he devised a new 
method of physico-chemical analysis which enabled 
them to study complex equilibrium systems. He 
also published numerous papers dealing with thermo- 
chemical methods, with ionic compounds, electrolytes 
and chemical technology. By introducing the zero 
period into the Periodic Table he developed the idea 
of secondary periodicity which he linked with the 
periodic structure of atomic nuclei. This led him to 
discuss matter subjected to high pressure and then 
to apply these ideas to his new “Theory of the Earth” 
(see Nature, 180, 1245; 1957). 

During his busy life, Kapustinsky occupied the 
following posts: professor of physical chemistry at 
the University of Gorky (1933-37); the same post at 
the Moscow Steel Institute (1937-41) and also at the 
University of Kazan (1941-43); professor of general 
and inorganic chemistry at the Chemical-Techno- 
logical Institute in Moscow (1943-60). In 1939 he 
was elected corresponding member of the Academy 
of Sciences of the U.S.S.R. 

Kapustinsky’s publications are varied and numer- 
ous. Besides pure research, he published some thirty 
papers dealing with topics related to the history of 
chemistry. He also edited many books translated 
into Russian. 

In private life Kapustinsky was a most jovial 
fellow and a very versatile conversationalist, and his 
death at the early age of fifty-four was deeply felt by 
his friends, of whom he had many. 

S. I. ToMKEIEFF 


d VIEWS 


until war needs revealed deficiencies. In 1947, he 
was elected to a research fellowship at Trinity 
College, Cambridge, for a dissertation embodying 
his research on water waves. A short time later, he 
proceeded to the University of Manchester, where he 
held an I.C.I. Fellowship, returning to Cambridge 
to take up a lectureship in 1951. He was eventually 
elected to a research fellowship at King’s College 
and has received other tributes to his research. 
which is characterized by great analytical power. 
He is interested in a wide variety of mathematical 
techniques, and can be expected to maintain the high 
reputation of Manchester as a centre of teaching in 
applied mathematics. 


Electrical Engineering at Birmingham ; 
Prof. J. T. Allanson 
Mr. J. T. ALLANsoNn has been appointed to the 
recently established second chair in the Electrical 
Engineering Department in the University of Birm- 
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ingham. In this post he will be responsible primarily 
for the undergraduate work of the Department. 
Prof. Allanson entered the Department of Electro- 
technics in the University of Manchester in 1938, 
taking his B.Se. in 1942 and his M.Se. in 1944. 
Although he had worked at the University on wave- 
guides, he took for a year a post with Callenders 
Cables, Ltd., concerned with power cables and the 
cross-channel petrol pipe-line, and then went to Ultra 
Electric, Ltd., for two years to work on general 
electronics, including radio receivers. In 1947 he 
was appointed head of the Electrical Laboratory at 
the Telegraph Construction and Maintenance Co., 
Ltd., and was concerned once more with cables. In 
1949 he was appointed lecturer in electrical engineer- 
ing in the University of Birmingham, becoming senior 
lecturer in 1957. He is a man of very wide interests, 
embracing philosophy and biology as well as engin- 
eering; and, indeed, his strongest research interests 
lie in the field of nervous systems and particularly 
the mechanisms of hearing, and he has made some 
original contributions to this in co-operation with 
colleagues in the Department of Physiology. He has 
a strong natural interest in electrical net-work theory, 
and has published a number of papers on this topic, 
being particularly concerned with net-work synthesis. 
But his strongest enthusiasm is probably for teaching 
and students, and he has experimented in a number 
of ways to find better methods of teaching and to 
improve staff-student understanding and co-opera- 
tion. He is also very interested in university 
administration. His appointment will give much 
satisfaction to his colleagues. 


The Royal Scottish Museum, Edinburgh : 
Dr. Douglas A. Allan, C.B.E. 
On September 15, Dr. Douglas A. Allan retires 
from the directorship of the Royal Scottish Museum, 
Edinburgh, the destinies of which he has controlled 
for nearly seventeen years. After graduating at 
Edinburgh he became assistant to the professor of 
geology in Edinburgh and afterwards was appointed 
lecturer in geology in Armstrong College (now King’s 
College, University of Durham), Newcastle upon Tyne. 
Work on Lower Carboniferous geology in Fife 
earned him a Ph.D., and later on Lower Old Red 
Sandstone tectonics along the Highland Border a 
D.Se. In 1929 he was appointed director of Liverpool 
City Museums. In 1945 he became director of the 
Royal Scottish Museum, and returned to his native 
Edinburgh to complete his active professional career. 
Under him, the Museum has played a much more 
prominent part both nationally and internationally, 
for he has served on the Joint Committee of the 
Carnegie United Kingdom Trust for twenty-five 
years, advising on the allocation and utilization of 
development grants, was chairman of the British 
National Committee of the International Council of 
Museums (Unesco) for seven years, and this year is 
president of the editorial board of Museum (Unesco). 
In 1952 he was director of the first Unesco seminar 
on “Museums and Education’’, held in New York. 
Under his directorship, the Royal Scottish Museum 
has been modernized in display techniques, has 
rendered wide service to research in many fields, 
and has embarked on schemes of periodical exhibi- 
tions of educational and cultural value. His early 


exploring adventures are reflected in his four years 
tenure of the presidency of the Royal Scottish Geo- 
graphical Society and his official museum tours in 
North America, Asia and Central Africa. 
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Mr. lan Robertson Finlay 


Mr. Ian Frntay, who succeeds Dr. D. A. Allan, 
was born in New Zealand but educated in Edinburgh, 
graduating M.A. with honours in the history of art. 
He joined the staff of the Museum in 1932 and was 


successively assistant keeper and, since 1955, keeper | 


of the Department of Art and Ethnography. He is 
particularly interested in display methods in all types 
of museums and will bring his undoubted talents to 
the front at an important time in the history of the 
Museum, which has practically completed its major 
overhaul since the Second World War. Mr. Finlay is 
secretary of the Royal Fine Arts Commission for 
Scotland, a Freeman of the City of London and a 
Member of Livery of the Worshipful Company of 
Goldsmiths, London. He has a strong interest in 
contemporary Scottish crafts and is a leading 
authority on Scottish gold and silver, having written 
several books and broadcast on numerous occasions, 
Last year he was awarded a Leadership grant by the 
United States Government 
museums and galleries in North America. 


Mr. Cyril Aldred 


Mr. Uyrit ALDRED succeeds Mr. Finlay as keeper 
of the Department of Art and Ethnography of 
the Royal Scottish Museum. Born in London, 
he was educated at Sloan’s School and entered later 
on a course of study in the History of Art at King’s 
College, London, and the Courtauld Institute, 
graduating as a B.A. in 1936. He was appointed 
assistant keeper in the Department of Art and 
Ethnography in the Royal Scottish Museum in June 
1937, and has served that Department with distine- 
tion ever since, except for one lengthy break with the 
Royal Air Force during the Second World War, and 
two years as associate curator in the Egyptian 
Department in the Metropolitan Museum of Art, New 
York. From an early stage he has taken a very 
strong interest in Egyptology and the life and arts 
of ancient Egypt, a field in which he now has aa 
established reputation, and in which he has pub- 
lished a considerable amount of work, both on the 
monograph and the popular level. A competent 
practitioner himself in gold and silver craftwork, he 
is particularly well qualified to judge standards and 
methods in the works in his care, and brings a new 
attitude to the study of the ancient Egyptians to 
that more commonly brought by the philologists. 
He has already made a notable impact on museum 
techniques by his staging of exhibitions, both tem- 
porary and permanent, and in the latter, in Edin- 
burgh, introduced the novel idea of employing con- 
temporary writings to explain and illuminate his 
ancient Egyptian exhibits—rather than the ‘hind- 
sight’ view of a twentieth-century savant. 


Veterinary Anatomy at Liverpool : 
Prof. A. S. King 


Dr. A. S. Kring, senior lecturer in veterinary 
anatomy in the University of Bristol, has been 
appointed professor of veterinary anatomy in the 
University of Liverpool. He is thirty-nine years of 
age, and was educated at Felsted School, Essex, and 
the Royal Veterinary College, London, where he 
obtained the degree of B.Sec.(Vet.Sci.) in 1946 and 
the degree of Ph.D. in 1956. During July 1945- 
December 1950 he held teaching appointments at 
the Royal Veterinary College, London. In January 
1951 he was appointed lecturer in veterinary anatomy 
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in the University of Bristol, and senior lecturer in 
veterinary anatomy in 1960. During 1960 he held the 
post of visiting associate professor in anatomy in the 
school of Veterinary Medicine, Philadelphia. Dr. 
King has been a member of the consultant editorial 
board of The Journal of Small Animal Practice since 
ts inception. 
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National Reference Library of Science and Invention 

Aslib Proceedings for July (13, No. 7) includes a 
report of the discussion meeting on the National 
teference Library of Science and Invention arranged 
in London on May 9, at which Prof. R. 8. Hutton 
had urged the paramount importance of the potential 
users’ requirements in planning the Library, and 
expressed his doubts as to the adequacy of present 
plans and intentions. Sir Frank Francis said that the 
British Museum would have preferred to have the 
new Library entirely on the Bloomsbury site, but 
ise of the South Bank site would permit full operation 
by 1965. whereas development of the Bloomsbury 
site would not be completed until 1985. The Nationa! 
Library of Science and Invention would be one of a 
number of departmental libraries of the British 
Museum, the work of which would be thereby co- 
ordinated. There would be a separate science library 
in Bloomsbury devoted to the historical material; 
current material would be held on the South Bank. 
The new Library would be limited to 500,000 volumes 
because the appropriate committee of the Advisory 
Council on Scientifie Policy thought this was the 


largest number compatible with open access. All 
material discarded from the National Reference 


Library would go to the British Museum collections. 
Research was needed on documentation services for 
scientists and provision had been made for this in 
the plans. It had been hoped to include rooms for 
lectures and exhibitions, but, in view of the limited 
space on the South Bank, these facilities and accom- 
modation for investigations into the use of scientific 
literature would be provided in Bloomsbury. Investi- 
gations were being 1nade to determine the reference 
services that were needed and the results would be 
made public. A general reference service would be 
provided at Bloomsbury. In the discussion the need 
for a first-class reference and information service was 
stressed, and also the importance of a rapid shuttle 
service between Bloomsbury and the South Bank, 
making full use of the latest possible techniques. 
Prof. Hutton said that his fears had only been partly 
dispelled: the fundamental importance of the Library 
was not grasped by policy makers in or near the 
Government. 


The Role of University Extra-Mural Libraries in 
Great Britain 


In Library Association Pamphlet No. 21, E. P. 
Pritchard reviews the aims, organization and methods 
of university extra-mural libraries in Great Britain 
and the results so far achieved (Pp. 32. London: 
The Library Association, 1961. 5s., and 3s. 6d. to 
Library Association members). This is a compara- 
tively recent development, and in some areas library 
services for extra-mural courses have an air of 
improvization, although in others present needs are 
well on the way to being met. Mr. Pritchard 
visualizes, however, a considerable growth during 
the next fifteen years in this side of university 
work, largely through an increase in the number of 
extra-mural students who are graduates or have been 
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in a sixth form. He believes the co-operation of 
extra-mural libraries, public libraries and the National 
Central Library, which already exists in several areas, 
could meet almost any foreseeable needs, provided: 
(1) that library services and the resources devoted to 
them receive the same emphasis in extra-mural work 
as in university internal teaching; (2) that each 
type of library makes the kind of contribution it is 
best fitted to make; and (3) that tutors never forget 
the importance of reading in adult education and 


lose no opportunity of applying this principle. Mr. 
Pritchard gives an admirably concise survey of 
various problems and difficulties encountered in 
practice and the methods of overcoming them. 
Zoological Society of London: Annual Awards 


Tue Zoological Society of London will, from 1962 
onwards, make the following annual awards for con- 
tributions to zoology. These will be in addition to 
the Society’s Gold, Silver and Bronze Medals which 
have been in existence since 1847. 

The Scientific Medal of the Society, which was 
instituted in 1938, will be presented to a zoologist. 
less than forty-five years of age, for distinguished work 
in zoology. The Prince Philip Prize will be awarded 
to a pupil of zoology, on the basis of an account of 
some practical work in the field of animal ecology. 
This will be open for competition to all pupils of 
zoology in schools in Great Britain, Northern Ireland. 
the Channel Isles and the Isle of Man, who are 
studying for the General Certificate of Education 
A-level examination or an examination of equivalent 
standard. The award will be a sculpture in bronze, 
*‘Animal Head’’, by Mr. Henry Moore. The entries 
will be in the form of an essay of not more than 
3,000 words, the first award being made in April 
1962. Full details will be sent to schools in September 
of this year, but the regulations can, in the meantime, 
be obtained from the Zoological Society (Education 
Department), Regent’s Park, London, N.W.1. 

Two further awards for contributions to zoology, 
also sculptures by Henry Moore, have been made 
possible through the generosity of Granada Television 
Network. The Stamford Raffles Award, commemorat- 
ing the founder of the Zoological Society, will be 
awarded to an amateur zoologist for contributions to 
zoology, or to a professional zoologist for contributions 
which extend beyond his field of specialization. This 
sculpture, ‘“‘Animal Form’’, will first be awarded in 
April 1962. The Thomas Henry Huxley Award will 
be presented annually to a postgraduate research 
student in a university in Great Britain and Northern 
Ireland, for outstanding original work in zoology 
submitted as a doctor’s thesis. This award will also 
be a sculpture, “‘Bird’’, the first award being made in 
April 1962. Mr. Henry Moore has generously agreed 
that a limited edition of each of the sculptures may 
be made, thus establishing the awards for some years. 
Thereafter the form of award will be reviewed. 


Employment of Graduates : a Durham University 
Survey 


Tue fifteenth annual report of the Durham 
University Appointments Board, and the third to be 
published, expresses the view that the demand for 
graduates of all kinds, from many different types of 
employers, is still rising, and, generally speaking, 
more Durham graduates and postgraduate students 
were seeking first appointments in 1960 than ever 
before (Fifteenth Annual Report. Pp. 9. Durham: 
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Durham University Appointments Board, 1961). 
Fewer men seemed to be applying to the Atomic 
Energy Authority, but the Board did not notice the 
diminished interest in the heavy electrical plant indus- 
try found elsewhere. Of male graduates in science 
taking up paid employment, 13 per cent went straight 
into school teaching, compared with 12 per cent in 
1959; for women, the corresponding figures were 
67 per cent and 58 per cent; 50 per cent of the men 
graduating in arts and 70 per cent of the women 
went into teaching, and of these, 75 per cent attended 
teacher training courses. Comment is made on the 
very low present-day demand for geologists, the acute 
shortage of mathematicians (the proportion entering 
teaching has in consequence declined), the increased 
demand for arts men from industry and the increased 
recruitment to the public service, though public 
service overseas attracted only one recruit. The 
serious lack of information bearing on the proper 
employment of the woman arts graduate is stressed. 


Vision Research 

THE appearance of yet another scientific journal is 
cause for rejoicing, but Pergamon 
to be congratulated on its initia- 
tive in founding Vision Research, an international 
journal the first number of which appeared in 
June (1, Nos. 1/2; June 1961. Pp. iv+201. Annual 
subscription rates: (A) for libraries, government 
establishments, research laboratories, ete., £10 
(30 dollars); (B) for individuals who place their 
orders directly with the publisher and certify that 
the journal is for their personal use, 70s. (10 dollars). 
London and New York: Pergamon Press, 1961). 
Several different disciplines have an interest in the 
subject of vision—psychology, physiology, ophthal- 
mology, physics, photo-chemistry, genetics—and the 
subject has applications in very many different fields. 
It is too much to hope that all papers on vision can 
be channelled into a single journal, but if the best 
of them find their way into Vision Research this will 
be an immense gain to visual scientists, who at 
present have to search through a great variety of 
journals. It will also enhance the prestige of the 
science itself and stimulate more rapid progress in 
the subject. The first number has been dedicated 
very fittingly to Commander Dean Farnsworth, who 
was the guiding spirit when the project was first 
under discussion, but who died while the plans were 
still in the formative stage. A board of editors, under 
the chairmanship of Dr. T. Shipley, of Miami, is 
supported by a large honorary editorial advisory 
board drawn from some twenty different countries 
and representing the leading workers in the field. 
Suecess in a venture of this kind depends most of all, 
perhaps, on maintaining a high standard in the 
quality of the papers that are accepted for publication 
and on the quality of the publication itself. The first 
number has got away to a good start on both counts. 
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National Museums of Southern Rhodesia 

In the annual report of the National Museums of 
Southern Rhodesia for 1960 reference is made to the 
planning that has been undertaken for the provision 
of three new museums buildings at Salisbury, Bula- 
wayo and Umtali (Pp. 22. Bulawayo, Salisbury, 
and Umtali: National Museums of Southern Rhode- 


sia, 1961). To further these important projects the 


Administrative Section of the organization was moved 
to Salisbury as being better placed strategically to 
cover the three units. 


The move also relieved the 
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Administrative Section, at a time of intensive plan- 
ning, of the detailed work of any one unit. There have 
been several changes in the staff, and Colonel H. L. 
Boultbee, curator of the Queen Victoria Museum, has 
completed his contract with the Trustees. Much 
research has been undertaken and members of the 
staff contribute to an impressive list of publications. 


Maccabaean Prize and Medal 

ENTRIES are now invited for the 1962 Maccabaean 
Prize of twenty-five guineas and a Bronze Medal, 
which is awarded annually by the Faculty of the 
History of Medicine and Pharmacy of the Worshipful 
Society of Apothecaries of London. Competitors, 
who must be less than thirty years of age on March 
15, 1962, will be required to submit before that date 
an essay of not more than 6,000 words on any subject 
connected with the history of medicine or pharmacy. 
Further details can be obtained from the honorary 
secretary of the Faculty, Dr. F. N. L. Poynter, The 
Wellcome Historical Medical Library, The Wellcome 
Building, Euston Road, London, N.W.1. 


Plastics Institute Lectures on ‘‘Plastics”’ 

THE Plastics Institute is again arranging 
of lectures on ‘‘Plastics’’, to be held at the City of 
London College, Moorgate, in the autumn. The 
lectures are of an introductory nature and are 
intended for non-technical staff. Applications for 
registration forms should be sent to the City of 
London College as soon as possible. The programme 
is as follows: “Types of Plastics’, by Dr. C. A. 
Redfarn (October 2); ‘“‘Plastics and the Chemical 
Industry”, by Dr. E. S. Narracott (October 9); 
“The Structure of the Plastics Industry”’, by C. J. G. 
Stanley (October 16); “Plastics as Replacement 
Materials’, by K. B. Bartlett (October 23); ‘‘Creation 
of New Markets by Plastics Materials’, by C. W. 
Welch (October 30); “‘Plastics and Packaging”’, by 
Dr. G. Swift (November 6); “The Plastics Industry 
and the Rubber Industry”’, by J. A. Rhys (November 
13); “The Future”, by Dr. V. E. Yarsley (November 
20). 


a series 


University News: Leeds 

THE following appointments have been announced: 
Dr. P. Grosberg, to a research chair of textile engin- 
eering in the Department of Textile Industries; Dr. 
P. R. Brook and Dr. G. A. Morrison, to be lecturers 
in the Department of Organic Chemistry; Mr. R. §. 
Davidson, formerly demonstrator in the Department. 
to be Brotherton Research Fellow in the Department 
of Organic Chemistry; Dr. I. G. Gass, to be lecturer 
in the Department of Geology; Mr. W. Houghton- 
Evans, to be lecturer in architectural engineering in 
the Department of Civil Engineering; Mr. M. Kirk. 
at present lecturer in the Department of Geography. 
to be lecturer in the Department of Social Studies; 
Mr. P. Levi, to be Bernard Hickson Fellow in the 
Department of Botany; Dr. G. A. Salmon, to be 
J. W. Wootton Research Fellow in the Department 


of Chemistry; Dr. Jean E. Wilkinson, to be Medical | 


Research Council Research Fellow in the Department | 


of Medicine. 


. ‘ } 
The following grants and donations, among others, 


have been received: £1,000 from the Yorkshire 
Council of the British Empire Cancer Campaign, for 
the Department of Physical Chemistry; £15,000 8 
year for seven years from the Anglo-American Cor- 
poration of South Africa, Ltd., to continue the work 
of the Research Institute of African Geology, and 
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£13,362 during two years from the Department of 
Scientific and Industrial Research for an investigation 
into African rocks, for the Department of Geology; 
£1,000 from Courtaulds, Ltd., for the Department of 
Textile Industries; £1,000 during two years from 
Messrs. W. L. Ingle, Ltd., for the Procter Depart- 
ment of Food and Leather Science; £2,470 from the 
Ministry of Aviation for a research project in the 
Department of Metallurgy, Houldsworth School of 
Applied Science; £2,897 during two years from the 
Department of Scientific and Industrial Research for 
a research project in the Department of Biochemistry. 


4789 


No 


London 


Tue following appointments have been announced: 
Prof. W. D. Gill, professor of geology and mineralogy 
in Trinity College, Dublin (see Nature, 172, 1082; 
1953), to the chair of oil technology tenable at the 
Imperial College of Science and Technology; Mr. 
8. B. Watkins, head of the Department of Chemical 
Engineering at King’s College, to the University 
readership in chemical engineering tenable at that 
College; Dr. Brian Abel-Smith, lecturer in social 
science at the London School of Economics and 
Political Science, to the University readership in 
social administration tenable at that School; Mr. 
L. P. Foldes, lecturer at the London School of 
Economics and Political Science, to the University 
readership in economies tenable at that School; Mr. 
Harry Townsend, lecturer at the London School of 
Economics and Political Science, has been appointed 
to the University readership in economics tenable at 
that School. 

The title of professor of civil engineering has been 
conferred on Mr. J. K. T. L. Nash, in respect of his 
post at King’s College; that of professor of powder 
technology has been conferred on Dr. H. E. Rose, in 
respect of his post at King’s College; that of reader 
in economics on Mr. J. Wiseman, in respect of his 
post at the London School of Economics and Political 
Science; that of reader in engineering science on Dr. 
J. M. Zarek, in respect of his post at King’s College; 
that of reader in pure mathematics on Dr. K. W. 
Gruenberg, in respect of his post at Queen Mary 
College. 

Sheffield 

CONTRIBUTIONS to the University’s Development 
Fund, the appeal for which was launched early in 
1960, now total £480,975. While the major portion 
of the cost of the University’s expansion is being 
borne by the Government, the University is required 
to make a contribution from its own funds towards 
the total allocation. It is to this end that the Fund 
will be used. 


Announcements 

H.M. THE QUEEN has been pleased to approve the 
grant of a Charter to the British Institution of Radio 
Engineers. The grant of the Charter is recognition 
of the vital part played by radio and electronic 
engineering in modern times. 

Mr. Ronatp BERESFORD Dew has been appointed 
as visiting professor of industrial administration in 
the Faculty of Technology at the Manchester College 
of Science and Technology. 


Dr. R. M. Laws, a principal scientific officer at 
the National Institute of Oceanography, Wormley, 
Surrey, has been appointed senior investigator in the 
Nuffield Unit of Tropical Animal Ecology, and will 
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take up his duties at the Unit's field station at Mweya, 
Queen Elizabeth National Park, Uganda, in the 
autumn. 


A SUMMER school on corrosion has been arranged 
by the Metallurgy Department, Battersea College of 
Technology, and will be held during September 
25-28. The topic will be “Corrosion Problems in 
the Electrical Power Industry’. The course has 
been arranged in conjunction with the Corrosion 
Group of the Society of Chemical Industry, and will 
be given by independent lecturers. Enrolment forms 
can be obtained from the Secretary (Summer School), 
Battersea College of Technology, London, 8.W.11. 


THE second conference on ‘Nuclear Reactor 
Chemistry”? and the fifth conference on ‘‘Analytical 
Chemistry in Nuclear Reactor Technology”’’ will be 
held in Gatlinburg, Tennessee, during October 10-12, 
under the sponsorship of Oak Ridge National Labora- 
tory. Further information can be obtained from 
W. R. Grimes, Oak Ridge National Laboratory, 
P.O. Box X, Oak Ridge, Tennessee. 


A SPECIAL meeting of the Iron and Steel Institute 
of Great Britain and the Metallurgical Society of the 
American Institute of Mining, Metallurgical, and 
Petroleum Engineers is to be held in the United 
States and in Canada, and at the Metallurgical 
Society’s annual congress in Detroit, during October 
17—November 8. Further information can be obtained 
from K. Headlam-Morley, the Iron and _ Steel 
Institute, 4 Grosvenor Gardens, London, 8.W.1. 


A syMpPosiIUM on “Corrosion in the Nuclear Energy 
Industry” is being organized by the Société de Chimie 
Industrielle, 28 rue Saint-Dominique, Paris (7°), and 
will be held during October 19-20. The symposium 
will be concerned specifically with corrosion in sheath 
materials. 


A symposium on the freeze-drying of foodstuffs 
will be held at the Department of Chemistry and 
Food Technology, Borough Polytechnic, London, 
during October 19-20. The symposium will deal 
with the development of freeze-drying techniques, a 
survey of the commercial equipment at present 
available and a discussion of the potentialities of the 
technique in various branches of the food industry. 
Nutritional aspects will also be included. Pilot plant 
and model freeze-drying equipment, samples of 
freeze-dried products and packaging materials will 
be on display. Further details can be obtained from 
the Secretary, Borough Polytechnic, Borough Road, 
London, 8.E.1. 


An interscience conference on ‘Antimicrobial 
Agents and Chemotherapy’, sponsored by the 
American Society for Microbiology, is being held at 
the Hotel Commodore, New York City, during 
October 31-November 2. The first day will be devoted 
exclusively to infectious diseases, and the second 
and third to various aspects of antimicrobial agents, 
including their chemical evaluation. Further in- 
formation can be obtained from the American 
Society for Microbiology, 19875 Mack Avenue, 
Detroit 36, Michigan. 


THE Research Fund of the Chemical Society pro- 
vides grants for the assistance of research in all 
branches of chemistry. Applications for grants should 
be sent to the General Secretary, Chemical Society, 
Burlington House, Piccadilly, London, W.1, not later 
than November 15. 
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THE BRITISH HYDROMECHANICS RESEARCH ASSOCIATION 


rT HE Laboratory of the British Hydromechanics 
| Research Association at Harlow was open to 
visitors during June 13-15, when several hundred 
representatives from industry and the academic world 
saw details of the research carried out. 

The Association specializes in the industrial 
application of fluid flow and serves a very wide range 
of industries. Some recent problems investigated are: 
the ventilation of mines; the design of centrifugal 
pumps; water hammer in pipe lines; rotary and 
reciprocating seals; cavitation; the hydraulic trans- 
port of solids; friction losses in pipe fittings; and 
hydraulic design of civil engineering structures. 
These problems are typical of the extensive interests 
of the Association. The numerous and apparently 
unrelated difficulties which arise in such industrial 
applications of fluid flow often have a fundamental 
similarity, and for this reason can sometimes be 
solved through the experience of specialists in fluid 
mechanics. The Association has been building up 
such a team in the twelve years since its formation, 
and can now offer members a pool of such specialized 
knowledge. Despite the name ‘Hydro’ in the title, 
the Association is interested in all fluids, both gaseous 
and liquid, and its membership includes such diverse 
industries as hydraulic machinery, instruments, paper, 
chemicals, aircraft, oil, brewing and the nationalized 
industries of coal, electricity and transport. 

In its research on centrifugal pumps, the Association 
aims at establishing the of loss within a 
pump, which should lead to a better understanding 
of the way in which the efficiency of the pump can 
be improved. This work involves investigations of 
the Reynolds number effects on pump performance, 
the relation between impeller and volute characteris- 
tics and the overall machine characteristic, and the 
measurement of disk friction loss. The exhibits 
demonstrated the refined instruments necessary to 
study the distribution of velocity and pressure within 
a rotating impeller. This approach to the problem 
of centrifugal pump research will incidentally assist 
in the establishment of acceptable laws for the scaling 
up of model-pump tests, and for the use of air tests 
for the prediction of water-pump performance. 

Of additional interest to those involved in the 
testing of hydraulic machinery was an _ exhibit 
summarizing the variety of items which have been 
studied relating to the design of pump test-circuits. 
These have included the use of guide vanes to prevent 
swirl and the development of a cascade design which 
will be more rigid than conventional cascades, and 
less sensitive to upstream-flow conditions. A 
‘pepper-pot’ valve has also been developed which 
has the dual advantages of good control characteris- 
ties and low loss when fully open. For any circum- 
stances where it is required to produce a good 
velocity distribution upstream of a test pump or 
flow-measuring device, a ‘flow straightener’ has been 
designed. This combines the features of a graded 
resistance and a honeycomb, and will reduce consider- 


sources 


ably the extent of straight pipe required upstream of 


& pump or flow-meter. A new understanding of the 
conditions of flow within a shielded pitot tube has 


enabled a simple shield configuration to be devised, 


which renders the pitot tube insensitive to the 
direction of flow over an angle of about 40°. 
The Association has been able to assist in the 


solution of several mixing problems, and an exhibit 
devoted to this subject illustrated several different 
aspects of mixing. One of these is a study of the 
mixing of a jet of water discharged into a shallow 
lake. The purpose of the research was to check that 
adequate mixing took place when power-station cool- 
ing water was discharged into a lake, so as to avoid 
the risk of warm water re-circulating into the intakes, 
and to reduce the danger to the fish population. 
Another application of techniques of mixing is the 
development of an in-line blending unit which success. 
fully mixes, in given proportions, fluids of widely 
differing viscosities. This uses an orifice designed to 
have a discharge coefficient which does not vary with 
Reynolds number. 

Two recent items of research were on show, which 
were of particular interest to makers and users of 
control valves. The incidence of cavitation in such 
valves introduces risk of material damage to the valve 
seat, and, by increasing the loss through the valve, 
interferes with its effective operation as a control 
unit. The exhibit reminded makers and users of the 
importance of checking for cavitation, and showed 
the importance of a dimensionless ‘cavitation number’ 
in defining the incidence of cavitation. Research is 
also being undertaken on the oscillation of relief 
valves, a frequent source of trouble in hydraulic 
engineering. The model valve on show demonstrated 
that unstable oscillations could occur at several 
frequencies, depending on the damping. 

The water-driven vacuum pump is a device familiar 
to laboratory workers, but it may not be appreciated 
that the same technique is becoming more widely 
used as an economic means of maintaining vacuum 
in power stations and chemical plant. The essential 
design features of these pumps were demonstrated 
with the aid of a transparent model, which showed 
the importance of ensuring good mixing between 
the driving fluid and the entrained gas. 

When air is released under water from a line source 
a rising vertical current is induced which, when it 
reaches the surface, divides into two surface water 
currents. The windward side current is capable of 
breaking approaching waves, so that relatively calm 
water is found in the lee side of such a ‘pneumatic 
breakwater’. 

At the request of a Government research establish- 
ment, the British Hydromechanics Research Associa- 
tion has studied the relationship between air flow and 
jet velocity, and has found means of accounting for 
the effects of slip of the air bubbles. 

The exhibits relating to models of civil-engineering 
structures and pump sumps demonstrated the 
increasing use of models to ensure the achievement 
of design requirements. and to devise modifications 
which could lead to economies in head loss. 

For spillways, the function of the model is primarily 
to study the most suitable design of stilling basin to 
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structure. This aspect was illustrated by a model, 
at present being tested, of the spillway for the 
Sasuma Dam in Nairobi. 

Models of the cooling-water intakes for the Sizewell 
nuclear power station were also on show. One, an 
air model, was being used to determine the head 
losses at the junctions between the intake shafts and 
tunnels. As a result of the tests made on this model, 
modifications to the hydraulic design which naturally 
had to be compatible with the structural engineering 
requirements have reduced the head losses due to 
the junctions by 40 per cent. 

The diversity of interests of the Association was 
of advantage in this case, as the modifications were 
based on experience gained previously in the study 
of ventilation schemes of mines. These intakes will 
pe located in a tidal estuary, and a water model has 
been constructed to examine the effects of tidal flow 
and tide-level on the flow and head loss in the intakes, 
and the possibilities of the formation of air entraining 
vortices. 

The Association is also active in the rapidly 
expanding field of ‘industrial hydraulics’. There are 
many problems involved in the design and utilization 
of high-pressure oil hydraulic machinery, and a 
particular example is the use of slipper pads to trans- 
mit the thrust from a swash plate to the pistons in an 
axial-piston pump. An analysis of the conditions for 
minimum power consumption of these slipper bearings 
has shown that the minimum occurs when the viscous 
drag loss is three times as large as the flow loss, 
although this ideal cannot always be attained as 
the resulting film gap would be too small. A new 
apparatus has been buiit to test slipper bearings under 
dynamic conditions. 

Examples of machines embodying design features 
of this nature were seen in the form of two experi- 
mental power transmissions. One is for applications 
which require a rapidly variable speed, and is a 
2 horse-power ball-piston pump/motor machine. 
The extremely low inertia of this unit is demonstrated 
by the fact that full reversal of rotation at 3,000 
rp.m. takes about 0-01 see. The second exhibit 
was designed for a motor-vehicle drive where a prime 
requirement is high efficiency. This unit employs a 
differentially coupled pump and motor and has an 


BLOOD GROUPS OF ANI 


CONFERENCE on ‘Blood Groups in Infra- 
¢\ human Species’, organized by the New York 
Academy of Sciences, was held in New York during 
May 15-16. The programme of papers arranged by 
Drs. D. B. Amos and C. Choen very fully covered 
much present-day research on the identification of 
blood groups in animals other than man, and their use 
ina variety of pure and applied sciences. On the first 
day several papers described work with animals 
useful in medical research. Drs. R. D. Owen (Cali- 
fornia Institute of Technology) and D. R. Anderson 
(School of Aviation Medicine, Brooks Air Force 
Base, Texas) had collaborated on a study of blood 
groups in the rhesus monkey, with the object of 
providing markers for transplanted erythropoietic 
tissue in irradiated animals. Blood group systems 
in the dog had been thoroughly investigated by 
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efficiency exceeding 90 per cent, over a wide range of 
speed. 

The Association has been active in work to ensure 
compatibility between a hydraulic system, and the 
hydraulic fluid. A rig was demonstrated for the 
evaluation of hydraulic brake fluids to study, over a 
wide range of temperatures, such factors as brake 
response, leakage, seal life and fluid deterioration. 
A committee has recently been formed to draw up a 
specification which will define adequately the proper- 
ties required of a fluid to be used in particular applica- 
tions. 

Recently, the efforts of the Association in research 
on fluid sealing have been increased considerably by 
special contributions from members. This research 
is directed towards studying the physical processes 
involved in sealing in m-vhanical seals, stuffing boxes, 
and reciprocating shaft seals. A new test rig has been 
built to study the behaviour of mechanical seals at 
pressures up to 3,000 p.s.i. In particular, the rig will 
be used to investigate the possibility that the present 
limits on the pressure rating of this type of seal are 
due to mechanical distortion. 

In reciprocating-shaft seals it has been found that 
the leakage is proportional to the square of the shaft 
speed, and independent of pressures above 1,000 p.s.i. 
The leakage increases and the friction decreases as 
the fluid viscosity is increased. 

Although the exhibition was primarily of the present 
research work, an equally important function of the 
Association is to assist members in the solution of 
day-to-day problems involving fluid flow, and in 
issuing an Abstract Bulletin and technical reports 
which keep the membership in touch with the work 
carried out in other laboratories. 

A problem common to all research associations is 
that of ensuring that the designers and development 
engineers, who will benefit most from the experience 
available at the laboratory, are kept informed of 
the service which is available. To this end, a mobile 
unit has been fitted out with exhibits demonstrating 
all the aspects of the work of the Association. The 
visits made so far by the unit, to member firms, have 
resulted in a fruitful interchange of ideas between 
the research staff of the Association and their 


colleagues in industry. 8S. T. Bonnrneton 


MALS OTHER THAN MAN 


Drs. S. N. Swisher, L. E. Young and N. Trabold 
(Rochester School of Medicine. N.Y.), and used in 
experimentation of clinical interest. The rabbit 
is valuable in comparative research on hemolytic 
disease of the new-born, and for this a knowledge 
of its blood groups was an essential pre-requisite. 
Dr. C. Cohen (Battelle Memorial Institute, Columbus, 
Ohio) pointed this out in his review paper, while 
making an eloquent plea for research workers to 
co-operate more closely in establishing nomenclature 
of blood group systems. Dr. Cohen also provided an 
illustration of the wider interest of the conference 
with his discussion of genetical aspects and natural 
selection. The usefulness of rats as laboratory 
animals was exemplified by the inclusion of three 
papers about them. Dr. R. D. Owen reported on 
genetic systems of antigens which had proved abun- 
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dantly useful as tools in a variety of experimental 
studies, in particular of red cell chimzrism following 
either parabiosis, embryonic injection or bone 
marrow injection after X-irradiation. The interest 
of Drs. A. E. Bogden and P. M. Aptekman (Biochemi- 
cal Research Foundation, Newark, Delaware) was 
in inherited hemagglutinogens of rats and their 
relationship to histocompatability factors. The 
presence or absence of one hemagglutinogen determ- 
ined growth or rejection of a tumour, and this system 
showed a number of other interesting parallels with 
the H-2 factors of mice. In a careful review paper. 
Dr. J. Palm (Wistar Institute, Philadelphia), described 
her own work with blood groups and histocompatibil- 
ity factors of rats and related it to that of other 
investigators. 

The first of three papers on mice was a review by 
Dr. D. B. Amos (Roswell Park Memorial Institute, 
Buffalo) in which most emphasis was naturally 
enough placed on the classical H-2 system of tissue 
and red cell antigens. A clear account of the serologi- 
cal and genetical complexity of this system was given. 
Drs. R. Basch and C. A. Stetson (Bellevue Medical 
Center, New York) followed with a description of 
results obtained using an assay method for those 
antigens of mice which elicit cytotoxin and hemag- 
glutinin production (antigens which they believe to 
be absolutely identical). A wide range of isoantigen 
activity—as judged by ability to absorb or neutralize 
cytotoxins—was found among various mouse tissues. 
Further detailed chemical results included the impor- 
tant finding that in liver homogenates antigenic 
activity was concentrated in the lysosome-rich 
fraction. Finally with mice, Dr. J. W. Goodman 
(Oak Ridge National Laboratory) described experi- 
ments in which blood or bone marrow, or both, were 
injected into irradiated mice, and the fate or estab- 
lishment of the donor-type cells followed by serological 
means, either hemolytic, for red cells, or cytotoxic, 
for lymphoid cells. 

The remainder of the papers on the first day were 
of more general zoological interest, rather than 
specifically medical. Dr. J. Buettner-Janusch (De- 
partment of Anthropology, Yale) had studied the 
reactions of the red cells of various primates with 
various antisera prepared to agglutinate human A 
or B red cells. This work was intended primarily 
as an aid to anthropological investigations. In 
connexion with an entirely different sort of population 
study Dr. G. F. Ridgway (U.S. Bureau of Fisheries, 
Seattle) gave a fascinating account of the extremely 
difficult work involved in analysing blood groups of 
salmon and trout, primarily using isoimmunizations. 
Dr. W. H. Hildemann (University of California at 
Los Angeles) interpreted the term ‘blood groups’ in 
its very widest sense in considering the literature 
and his own work on genetic specificities of amphibians 
and reptiles. Individual differences in red cell antigens 
have been found in only five species; no intraspecific 
differences in serum proteins—as determined electro- 
phoretically—have yet been found, although their 
existence as raw material for speciation must be 
postulated, in view of the known ordinal, familial 
or interspecific differences. In contrast to the above 
sparse evidence of diversity, tissue transplantation 
studies yielded evidence of a high degree of intra- 
specific antigenic diversity. The role of individual 
red cell antigens in speciation has of course been 
the main theme of the classical researches of Dr. 
M. R. Irwin et al. on pigeons and doves, and an 
authoritative account of this work was presented by 
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Dr. D. H. Shaw (University of Wisconsin, Madison). 
Other aspects mentioned included the study of hybrid 
substances, and the use of blood-group factors as 
markers in somatic mutation work and in radiation 
chimera research (the latter being Dr. Shaw’s own 
particular contribution). The final paper on the first 
day was introduced humorously by the chairman 
as being about blood groups of bacteria. Dr. G. F. 
Springer (University of Pennsylvania, Philadelphia) 
had continued his previous work on the immune 
origin of so-called natural anti-human B antibodies 
—in which ‘germ-free’ chicks were inoculated with 
E. coli O,,—by studying the chemistry of the bacterial 
substances responsible for the cross-reactivity. Among 
various findings were striking resemblances to human 
blood group substances, as shown by the composition 
of the carbohydrates produced by hydrolysis. 

The second day’s programme was devoted almost 
entirely to blood-groups of animals of agricultural 
interest. The first of four papers on chickens was a 
general survey by Dr. D. G. Gilmour (School of 
Agriculture, Cambridge, England). One point especi- 
ally emphasized was that the chicken has particular 
advantages as an experimental animal for the study 
of selective factors influencing the polymorphism of 
blood groups. Considerable evidence on this aspect 
was already available. Dr. W. E. Briles (De Kalb 
Agricultural Association, De Kalb, Illinois) followed 
with a meticulous account of experimental techniques 
leading to the discovery of further blood group 
systems in chickens, of which six were described, 
five probably new. Evidence on the relationship 
between B locus blood group genotypes of female 
parents, and the economic performance of their 
‘hybrid’ offspring (four-way crosses of inbred lines), 
was presented by C. P. Allen (Hy-Line Poultry 
Farms, Johnston, lowa). This paper was especially 
interesting, being indicative of the possibility of the 
application of blood groups in some systems of com- 
mercial poultry breeding. Work on a red cell 
agglutinogen of chickens identified by certain plant 
seed extracts was described by Drs. 8S. L. Scheinberg 
and R. P. Reckel (U.S. Department of Agriculture, 
Beltgville). The occurrence of this factor is both 
inherited and influenced by hormonal state, occurring 
in genetically competent females only on the onset of 
egg-laying. Pigs were the subject of two papers, the 
first being a very clear account of the state of know- 
ledge of their blood groups by Dr. E. Andresen (Iowa 
State University, Ames), much of whose own work 
had been done at the Royal Veterinary and Agricul- 
tural College, Copenhagen. His interest was primarily 
in genetic studies, and to a lesser degree in hemolytic 
disease of the new-born. This condition was the 
prime interest in the second paper on pigs by Drs. R. 
Saison and D. G. Ingram (Ontario Agricultural 
College, Guelph), who reported on some systems 
previously described, and other new ones. They also 
briefly mentioned studies of blood groups of mink. 

The report on horse blood groups by Dr. D. Franks 
(Department of Pathology, Cambridge, England) 
was largely concerned with hemolytic disease of the 
new-born foal, and included much important material 
of veterinary and comparative medical interest. 
Dr. Franks’s suggested interpretation of some of his 
serological findings—variation in amount of antigens 
in different genotypes—as being due to a cis-trans 
position effect provoked one of the most lively discus- 
sions of the meeting. 

The last afternoon session was opened by Dr. C. 
Stormont (University of California at Davis), who 
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presented a highly competent and scholarly review 
of blood groups in cattle. In one cattle system, J, 
the antigenic substance is found in soluble form in 
various body fluids and tissues, and is absorbed on 
the red cells. This was the subject of a contribu- 
tion by Dr. W. H. Stone (University of Wisconsin, 
Madison), who discussed physiological, genetical and 
chemical aspects. Dr. J. Gasparski (Polish Academy 
of Science) was unfortunately unable to attend the 
meeting. and his paper—on red cell antigens of the 
European bison identified by cattle blood typing 
reagents—was read for him. A definitive account of 
blood-group systems of sheep was given by Dr. B. A. 
Rasmusen (University of Illinois, Urbana), and the 
meeting concluded with a fascinating account, pre- 
sented by Dr. A. Eyquem (Pasteur Institute, Paris), of 
blood group investigations by himself and Drs. L. Pod- 
liachouk and P. Millot. Species involved were chimp- 
anzees. horses, mules, donkeys, sheep, pigs and cattle. 
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DESIGN AND USE 


JOINT meeting of the Ergonomics Research 
A Society and the British Occupational Hygiene 
Society at Porton on July 5 and 6 was devoted to 
the study of respirators. The Societies were welcomed 
by Dr. E. A. Perren, director of the Chemical Defence 
Experimental Establishment (C.D.E.E.). The first 
paper. by C. G. Trotman (C.D.E.E.), dealt with the 
history of the subject. Dust masks were much the 
oldest form of respirator but were not really significant 
until a performance standard for industrial dusts was 
established in 1933. Canister respirators for pro- 
tection against industrial gases grew from the chlorine 
box respirator of the First World War. The Chemical 
Works Regulations of 1922 enforced the provision of 
respirators of an adequate standard; since then, 
systems of coding and testing respirators for prac- 
tically all known industrial and agricultural hazards 
have been laid down. 

R. G. Dorman (C.D.E.E.) discussed fibrous filters 
for protection against aerosol particles. Sizes near 
f-3u diameter are the most difficult to filter; collisions 
with filter fibres are less probable for particles having 
low inertia and small Brownian motion so that they 
tend to penetrate the filter relatively easily. Experi- 
mental demonstration of a minimum of filtration 
efficiency at a certain particle size proved the general 
validity of the theory of filter action. The resin—wool 
filter was described, which combined extremely low 
air-flow resistance with high efficiency, due to electro- 
static action. Methylene blue and sodium aerosol 
testing, with flame photometer detection, were also 
discussed. and desirable standards of protection 
indicated. 

F. A. P. Maggs (C.D.E.E.) gave an account of the 
removal of gases by activated charcoal. Adsorption 
is @ matter of the surface area of the charcoal and 
the number of molecules of gas, so that a high 
molecular-weight gas is retained better than one 
having small molecules. The life-time of a respirator 
against volatile, low-molecular-weight vapours may 
be quite short and there is some difficulty about giving 
proper warning of incipient failure to the user. 

J. E. Cotes (Medical Research Council Pneumo- 
coniosis Research Unit) dealt with physiological 
aspects of respirator design, including breathing 
apparatus supplied with oxygen. Factors of impor- 


URE 


The papers described above are to be published as 
soon as possible in the Annals of the New York 
Academy of Sciences, and should remain definitive for 
some time tocome. In addition, the meeting provided 
an excellent opportunity for exchange of opinions 
between workers in widely diverse fields, and there can 
have been few attending who did not acquire ideas for 
new approaches. Discussions were especially en- 
livened by the presence of some guests noted par- 
ticularly for their research on human blood groups, 
among whom may be especially mentioned Drs. W. C. 
Boyd, 8S. D. Lawler, P. A. Levine and A. 8S. Wiener. 
Other activities associated with the meeting included 
an evening discussion meeting, which resolved to form 
an Immunogenetics Society of America, another 
evening discussion on blood-group nomenclature. 
and a most enjoyable dinner in honour of Dr. M. R. 
Irwin, arranged by some of his past students. 

D. G. GrimovuR 
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OF RESPIRATORS 


tance included dead space, flow-resistance. vision, fit 
of face-piece, and leakage. In addition to protecting 
the wearer, breathing sets with closed circuit made it 
possible to help him in situations involving physio- 
logical stress by humidifying, cooling and adding 
oxygen to the air which he breathed. 

The ergonomics of the respirator waz dealt with 
by R. J. Shephard (C.D.E.E.), who described methods 
of assessing the loss of performance resulting from 
wearing respirators. Deterioration of specific func- 
tions was slight, and the expenditure of energy 
occasioned by dead space and resistance only 
amounted to a few per cent of maximum effort under 
average conditions. General discomfort, sweating 
and unusual activity, however, reduced tolerance 
unless the subject were adequately motivated. 

The work of ventilation was analysed by E. A. 
Cooper (Department of Anesthesia, Newcastle upon 
Tyne), who directed attention to the contrasting 
resistance laws which were relevant to laminar flow 
in filter beds and turbulent flow in pipes and valves; 
the latter rises much more rapidly with an increase 
in the velocity of breathing. By considering the 
mechanism of respiration and _ cardiorespiratory 
function it was possible to lay down allowable 
standards of resistance. 

Respirators, besides being protective devices, have 
been used in physiological research since the days of 
Lavoisier. H. 8S. Wolff (Medical Research Council. 
Hampstead) dealt with such applications. Mouth- 
pieces were often used in place of masks, for brief 
experiments, but were uncomfortable and promoted 
salivation. Masks were important for measuring 
expenditure of energy from consumption of oxygen; 
types produced for anesthetics, for airmen and for 
gas-masks were commonly adapted for physiological 
research, and various measuring devices could be 
attached to them. 

Communication between persons wearing breathing 
equipment was the subject of a paper by J. Ernsting 
and J. E. Gabb (Royal Air Force Institute of 
Aviation Medicine). The situation is complicated in 
aircraft by the effects of reduced pressure on auditory 
acuity. Speech gives rise to respiratory flow patterns 
which impose a severe strain on the flow capacity of 
respiratory equipment. 





656 


J. R. Carr (Royal Navy) spoke of the design of 
underwater breathing apparatus. The lungs of the 
user must be pressurized to the equivalent of the 
surrounding water, which results in a rapid increase 
with depth of the mass of gas consumed. Long 
endurance therefore necessitates either re-breathing 
or a surface supply of gas. Gases under pressure may 
affect man adversely, and psychological and physio- 
logical hazards may be introduced by limitations of 
the breathing set. 

F. Lavenne and P. Leyh (Institut d’Hygiene des 
Mines, Hasselt, Belgium) compared the performance 
of two closed-circuit breathing one working 
with compressed oxygen and the other with liquid 
air, and an open-circuit apparatus supplied with 
compressed air. Exercises performed at different 
temperatures showed that the inspired air tem- 
perature depended mainly on release of heat by 
absorption of carbon dioxide and was lowest in the 
open circuit apparatus. Light weight was an im- 
portant point. 

Industrial gas and dust masks were analysed by 
H. J. R. Letts (C.D.E.E.), who emphasized the influ- 
ence on design of legislation requiring approved types. 
Dangers due to limitations of the absorbing medium 
are not serious, but the risk from leakage at the 
face-piece is significant and difficult to measure; a 
10 per cent leakage due to physical activity was 
common, and wearability of a mask was an important 
attribute because of the user’s tendency to avoid 
discomfort by discarding it. Leakage through the 
face-piece seems to be a fundamental limitation of 
the container respirator and may have to be avoided 
by electrically driven individual fan units 


sets, 


The iron and steel industry uses respirators to a 
large extent, as was explained by J. Graham Jones 
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(Richard Thomas and Baldwin, Ltd.). Major prob- 
lems were carbon monoxide, from blast furnaces, and 
dust. For the former, only air-line masks had been 
successful, and compressed- -air points were ce 
on furnace platforms. In the Fire Service. F. C. 
Shirling 
useless, because of oxygen deficiency, and self-con- 
tained breathing sets were used which had a useful! 
life up to 1 hr. An overriding factor in design was 
the necessity for instant availability. 

The final session was conducted with Mr. A. C. 
Peacock (formerly of C.D.E.E.) in the chair, who also 
read a paper 6n the manufacture and testing of 
respirators. 
tageous if users were to collaborate in producing a 
limited number of designs, which should be manu. 
factured by a single organization. 

S. T. Hermiston, R. F. Hounam and R. P. Rowlands 
(United Kingdom Atomic Energy Authority) listed 
the various types of apparatus for protecting people 
who handled radioactive substances. The problems 
encountered in other applications are here augmented 
by the necessity of decontaminating the appliances 
after use. For this reason, a worker is issued with a 
respirator from a pool instead of its being fitted to him 
individually, a practice which drew some criticisms. 

The final application of respiratory devices dis. 
cussed was the important one of mine rescue, by 
C. R. Senneck (Safety in Mines Research Establish. 
ment). A new closed-circuit liquid-oxygen set has 
outstanding performance; it weighs 33 Ib. fully 
charged and gives cool dry air for more than 2 hr. 
During heavy work at 90° F., respiratory cooling of 
more than | keal./min. is available and the resistance 
is only 1 em. water at 300 1./min.; operation is 
automatic. C. N. Davres 


FOUR DECADES OF STATE FORESTRY IN GREAT 
BRITAIN 


HE publication of the forty-first annual report 

of the Forestry Commission in Great Britain 
for the year ended September 30, 1960,* marks the 
first year of State forestry activity in its fifth decade 
of existence. In temperate countries it takes more 
than four decades to create new forests, a process 
which does not end with the planting of so many 
on many acres. In the year 1959/60 the 
State planted 61,700 acres and private enterprise 
36,900 acres, making a total of 98,600 acres. If this 
rate continues and if we assume that the average 
length of rotation, making allowance for the slow 
growth to be expected on much of the land being 
planted, is 80 years, then it would seem that the 
final wooded area will, in that time, amount to 
8,000,000 acres plus 2,000,000 acres already existing, 
or 10,000,000 acres in all. If this is the avowed 
objective, the position at the moment is reasonably 
good. The competition for land in Great Britain 
has not prevented the Forestry Commission from 
adding during the year some 60,000 acres of plantable 
land to bring its total holding thereof to 1,618,400 
acres. In describing the year’s work it is interesting 


trees so 


Forty-first Annual Report of the Forestry 
Pp. 69+ 


* Forestry Commission. 
Commissioners for the Year ended 30th September, 1960. 
9 plates. 


(London: H.M. Stationery Office, 1961.) 5s. net. 


to find, however, that private forestry is placed 
before State forestry. This may be merely politeness. 
but things have certainly moved a long way since 
the last chairman expressed the view that private 
enterprise in forestry was doomed. It has greatly 
strengthened its position in recent years and the 
policy of paying grants in aid to the tune of £1,150,000 
a year has given it a remarkable boost. The dedica- 
tion of woodlands to productive forestry has advanced 
to the extent that the area of private woodlands 
eligible, or about to become eligible, for State aid is 
now 837,476 acres. There is thus quite a health) 
balance between the managed woodlands of the 
State and those of the private owner. It is surely 
time to abolish, if possible, the needless complication 
of having two bases of dedication, for only two of the 
562 schemes in operation are on basis IT. 

The report introduces to the public the concept 
of the ‘working-plan’, which is, in fact, a plan 0} 
management for the forest. It is defined as being 
“in effect, a blueprint for a forest or group of forests 
and ‘‘a direction to succeeding generations of foresters 
ensuring that in all stages of development the basic 
objectives are kept clearly in mind”. One might 
ask what is a blueprint? Have British forester) 
become that mechanically minded ? In 1960 a ne 
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working-plan code came into operation. The pre- 
scribed format contains no fewer than 43 chapters, 
and, if the code is to be rigorously applied, it would 
appear that the technical staff will have even less 
time to undertake essential technical operations 
and may even be helping to dig its own grave. 

So far, the Forestry Commission has been able to 
sell all its felled material, which amounted in 1959- 
60 to 20-1 million hoppus feet from a total area of 
forest of 1,283,256 acres. This presumably included 
the 500,000 hoppus feet blown down, equivalent 
roughly to the growth on 10,000 acres. While the 
problem of marketing is easy in those forests near 
industrial centres it will become acute in the next 
decade or two in the more remote forests, the location 
of which can readily be seen from an examination 
of the maps provided with the report. Improved 
methods of exploitaticn and transport are receiving 
attention and may be the solution, involving greater 
use of machines. Too much machinery used in 
forestry operations will kill employment in the 
country and increase it in the towns, however, which 
runs counter to a policy of re-population of the former. 
The wide scatter of the State forestry operations can 
be seen from the maps menticned. This adds greatly 
to the risk of fire. The cost of fire protection is a 
heavy item in the creation from scratch of pure 
coniferous forests and £273,000 was spent thereon in 
1960. Out of a total area of 1,618,400 acres of forest. 
only 1,596 acres, or 0-1 per cent, were lost by fire, the 
greater part through an excess of zeal. 

A paragraph describes what has been done to 
preserve the remnants of the natural pine forests 
which are owned by the Forestry Commission. It 
mentions ‘‘a broad belt of the eastern Highlands” 
where the native Scots pine is a dominant species. 
The meaning of this is obscure. It is claimed that 
investigations began in the early days of the Commis- 
sion into methods of treatment of the natural stands 
it had acquired. Details are not given, but the 
investigations were of the most meagre description 
and the main method of treatment has unfortunately 
been to plant up the greater part of these areas with 
introduced exotic conifers. The attention being 
devoted to other important indigenous species, 
especially oak and birch, is woefully inadequate, 
even in the research programme. 

Forest research is the subject of a separate annual 
report. A relatively large staff is engaged in this 
work but its organization is far from satisfactory. 
It has engaged in numerous projects, many of which 
seem to be of minor significance. The main aim of 
research should undoubtedly be the improvement of 
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sylviculture. This remark owes its origin to a 
statement in the report that fertilizers have been 
applied from the air to checked spruce stands in 
Cornwall, with impressive results. For how long 
will these results last and what was the cost ? Much 
research work owes its origin to faulty sylviculture, 
and in the improvement in their sylviculture British 
foresters have a great deal to learn. Forestry in 
Britain has suffered from a lack of trained personnel 
of the higher ranks and still has a long and arduous 
task before it is to realize its main objectives. 

Regarding the financial cost to Great Britain of 
the establishment and working of the Forestry Com- 
mission, this is an appropriate year in which to 
consider this, because, when the Commission 
set up in 1919, it was claimed that it would be self- 
supporting in forty years’ time. The total net sum 
spent since the start, after allowing for income other 
than Treasury grants, is £118,219,420, on which 
presumably some rate of interest is charged. Far 
from being now self-supporting. in 1960 payments 
were £13,930,162, of which only £3,130,639 was met by 
operational income from sales, ete. A Parliamentary 
vote of an additional £10,702,000 was still required. 
There is a somewhat naive explanation of why 
forestry is not turning out to be the ‘“‘counter to 
depopulation in the uplands”’ that it has for long been 
claimed to be. Almost any other industry could 
justify its existence by claiming that it gives indirect 
employment in other industries. 

The manner of presentation of the Forestry Com- 
mission report is odd. The author of it is pre- 
sumably the secretary of that body, but the report is 
signed by ten other persons and is presented to two 
Ministers in conformity with legislative requirements. 
To what extent each of the eleven persons in question 
takes responsibility for the contents remains uncertain. 
There is no minority report. Whether the two Minis- 
ters who receive it sit down and discuss it in detail, or 
whether each deals with it in turn, is doubtful. It 
should be mentioned, however, that the Forestry 
Commissioners can rely on advice from national 
committees, regional advisory committees, a Home- 
grown Timber Advisory Committee, a Committee 
on the Utilization of Home-grown Timber, a Mech- 
anical Development Committee and an Advisory 
Committee on Forest Research. In all, between 
150 and 200 persons are named in the report as having 
some say in the running of British forestry. This 
restricts the number of competent independent 
reviewers of their activities to a very few and makes 
their task invidious 


was 


M. L. ANDERSON 


POTATO VIRUS DISEASES 


LTHOUGH conferences, especially those re- 
{\ stricted to a particular subject (therefore small) 
can be very useful for providing opportunities for 
exchanging views, their proceedings are often super- 
fluous. Most of the interesting information they 
contain has already appeared in scientific journals 
or in reviews as well. Recently, it has become 
customary to include at the end of each paper the 
discussion which it has stimulated, but most of it is 
trifling or irrelevant to the paper. 
This criticism applies to the proceedings of the 
fourth conference on potato virus diseases, held at 
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Braunschweig, during September 12-17, 1960*. As 
it is only three years since the last conference, it is 
not surprising that the twenty-three papers (175 
pages) it contains have very few advances to report. 
Recently, Dr. Stegwee discovered that potato leaf 
roll virus multiplies in the vector Myzus persicae 
and has now reported more evidence for this. Of 
special interest is the finding of P. Ehrhardt that 
* Biologische Bundesanstalt fiir Land- und Forstwirtschaft, 
Braunschweig. Proceedings of the Fourth Conference on Potato Virus 
Diseases, Braunschweig, 12-17 September, 1960. Edited by J. Brandes, 


R, Bartels, V. Volk and C. Wetter. Pp. 175. (Wageningen: H. Veen- 
man and Zonen, N.V., 1961.) 
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infected aphids show significant decrease in oxygen 
consumption. V. Moericke discusses some electron 
micrographs of the salivary glands of /. 
(Unfortunately the micrographs are not reproduced. ) 
Those from infected aphids contain rod-shaped 
particles (50 x 200 mu) which are suspected to have 
connexion with leaf roll virus if they are not 
the virus particles themselves 

The papers by C. Wetter and J. 
some recent work at the Biologische 
Braunschweig, Germany, which increases our scope 
for grouping on relationships. 
Using Freund’s adjuvant. antisera to viruses, having 
rod-shaped particles, were produced with precipita- 


pe rsicae. 


some 


Brandes report 
Bundesanstalt, 


viruses serological 


tion titres of up to t : 500,000 (unusually high 
titres for viruses). With such antisera it has been 
possible to demonstrate serological relationships 
between viruses previously considered unrelated. 


CHROMOSOMES 


ESEARCH workers at the University of Texas 
] are investigating the and nutritional 
simplicity of the red bread mould, Neurospora, to 
map the locations, on particular chromosomes, of 
the determinants of biochemical reactions by which 
particular substrates are metabolized for utilization 
The work is expected To lead to a 


genetic 


in life processes. 
clearer definition of the gene. 

The red bread mould Neurospora has long been 
regarded as one of the most useful of genetical experi- 
mental organisms. Pure strains can be multiplied a 
million-fold in a few days without genetic change. 
Each cell nucleus contains only a single set of genes, 
so recessive characters are not hidden by dominants. 
Neurospora can be grown in pure culture on a chemi- 
cally known medium containing only sugar and a 
vitamin B (biotin) plus a few inorganic substances. 
In the natural state, the mould possesses the biochemi- 
cal apparatus to make, from these simple materials, all 
the other constituents of its cells. Thus when a genetic 
element is disrupted experimentally by irradiation, 
the mutation may be expressed and mapped in 
terms of the measurable changes which occur in the 
simple nutritional requirements of the organism. 

A large group of such nutritional mutations of 
Neurospora have been described by R. P. Wagner, 
C. E. Somers and A. Bergquist at the University of 


Texas in Austin. Plotting the distribution of the 
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Even more unexpected is the relationship found 
between viruses differing in particle-length such as 
between potato virus X (520 mu) and white clover 
mosaic virus (480 mu). 

There are five papers on the resistance of potato vari- 
eties to virus infection, the inheritance of resistance 
and some practical aspects in testing for resistance, 
However. there is only one paper on field experiments. 
This may be the fault of the selection committee and 
not that this important kind of work is lacking. 

In recent vears soil-borne viruses are in the mode. 
In this respect the Proceedings are up to date, but 
of the several viruses discussed only potato rattle 
From the 


“some aspects” 


virus is appropriate to the conference. 
three papers attempting to review 


of virus research none contains anything new which 
has not been previously discussed in other review 
articles. B. KASSANIS 


OF NEUROSPORA 


mutations on a map of Neurospora chromosomes, 
Wagner's group traced them all to a limited area of the 
fifth chromosome. Wagner's report is preliminary, 
but appears to record the first demonstration, in any 
organism with a single or double chromosome com- 
plement, of a direct relationship between one small 
segment of a single chromosome and a particular set 
of biochemical reactions. (Damage in the segment 
of chromosome affected directly the transformation 
of precursors of two important amino-acids—isoleu 
eine and valine.) 

The results also indicate a linear arrangement of 
the chromosomal material, with its active elements 
arranged to correspond to the order of sequence of the 
biochemical reactions it controls. 

Wagner's work is supported by the Division of 
General Medical Sciences and the National Cancer 
Institute of the U.S. Department of Health, Eduea- 
tion and Welfare. The publication Highlights of 
Research Progress in General Medical Sciences. 1960, 
presents a summary of Wagner's work and that of 


other investigators who are sponsored by the 
Division*. 

* United States Department of Health, Education and Welfare. 
Public Health Service Publication No. 815: Highlights of Research 


Progress in General Medical Sciences, 1960. Items of Interest on 
Research Studies and Research Training Programs supported by the 
Division of General Medical Sciences, National Institutes of Health 
Bethesda 14, Md. Pp. v+45. (Washington, D.C.: Government 
Printing Office, 1961.) 25 cents 


A CONCEPT OF ATOMIC EXISTENCE 
By Pror. W. H. WATSON 


Department of Physics, University of Toronto 


N classical terms we have a manageable concept of 
I physical existence. We represent things in a 
space-time map. Usually the processes by which 
recognizing. naming and surveying are accomplished 
are not shewn in this map. Nevertheless, they could 
be, and whenever there is doubt or unclarity in their 
application, they are so represented for the purpose 
of clarifying representation. So long as the precision 
of representation does not approach the limits set 
by the Uncertainty Principle, all the apparatus and 


procedure just referred to can be used. We have 
confidence in ordinary language and rely on the 
training of physicists needed for applying it success- 
fully in this context. The force of this consideration 
is illustrated in the skilful elaboration of classical 
explanation by Thirring in the first chapter of his 
Principles of Quantum Electrodynamics. 

At the microphysical level, of course, there are 


physical impediments to applying ideas that we take | 
for granted in the unformalized improvisation neces- } 
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sary in using classical mechanics. 
this brief article is to expose one aspect of 
thinking that can be liberated from the pre-supposi- 
tions inherent in our forms of speaking about physical 
representation. 

The classical picture of radiation misleads us with 

a picture of ‘something’ coming out of the source 
like a bullet from a gun. But to particularize the 
thing a label cannot be used: to name it one must 
point to the events connected by it 
- For example, we know that the creation of a §- 
particle by a nucleus is associated with a detectable 
event—the recoil of the nucleus: and we know also 
that the 8-particle can be detected in a scintillation 
counter. In the absence of a physical interaction by 
which the particle could be ‘observed’ on the way. 
the emitting nucleus is connected with the detector in 
one jump. Observing it in between creates a different 
phenomenon. 
' Motion in quantum physies is a transformation 
from one event to a later one. With the events. 
somehow or other an existence is connected. Classic- 
ally. we want to put a thing at each event. The 
phenomenon of interference shows that we have to 
associate the existence with both events. The 
connexion between the events is an atomic existence: 
it eannot be cut. 

The events that are connected are. in fact. not 
point-instants, although we may for mathematical 
convenience represent them as such. subject, of course. 
to the limited precision allowed by the Uncertainty 
Principle in applying the representation. So long 
as the events are well separated in space and time. 
this limitation may be left out of account in discussing 
the existence of atomic entities. Our idea must 
depend on essentially classical supports, namely, the 
events observed and recorded by means of devices 
we can see and handle, and the substantiality of the 
objects on which we depend to observe. 

So far as physical observation is concerned where 
interference is involved, there is no existence between 
the souree event and the detection event. So the 
kinematic order of ordinary physical space-time does 
not correspond to spatial possibility for the individual 
atomic existence. Yet the existences connect pairs 
of events in ordinary physical space-time. When 
under the stimulus of the bullet analogy for radiation 
we think of things launched into space, we fail to 
appreciate that we are ordering independent possible 
atomic existences into a series with a common initiat- 
ing event (or one fictitiously arranged to be so) and 
avariable terminating one. But to get to a particular 
termination, one does not go through intervening 
members of the series, unless there are physical 
effects actually oceurring by which to label the track. 
This then bears a resemblance to classical observation 
of a moving object. 

A particle of a radiation field connects an emission 
event with a detection event (and it may also involve 
other events). The existence at the emission event 
is the recoil, or some such change in the emitter 
that can be observed. <A corresponding existence 
is established at the detector. These two events. 
a it were. bound the existence of a particle which 
is said to leave the source and enter the detector. 
and is thought of moving in the intervening 
space. Provided that the representation is crude 
fnough, this view is practically effective. If sharper 
representation is attempted, the classical view of 
motion and the attendant possibilities of inter- 
polating observations that do not disturb the phys- 
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ical process of the motion being observed are no 
longer allowed. Only if we accept the transition 
between the two events at the source and detector as 
the existence of the particle concerned are we on 
safe ground in relation to the interference of pro- 
bability. In so far as we do not need to bring into 
account the physical effect of distant objects, we 
have the entity localized in an extended region that 
includes both events—but then we cannot imagine 
it moving within the region in a classically acceptable 
sense. Only if we can interpcse events at which 
physical interactions take place that can be observed 
is the picture of classical motion applicable. Thus 
motion in quantum mechanics with non-classical 
statistics is represented by a set of separate existences 
which overlap on cur map, whereas what corresponds 
to the classical case is a series of consecutive jumps 
in a continuing existence. The distinction is shown 
in Fig. 1. 


(h) 
rhe events being connected are marked (a) Quantum 
ind overlapping existences; (6) classical series ot 
consecutive jumps in a continuing existence 


Fig. 1. 


ConneXions 


If we wish to represent the variable termination 
as & moving point governed by a continuous law of 
motion. we cannot have the point move in ordinary 
physical space because we must eliminate the inter- 
vening possibilities of ordinary physical space between 
source and detector. 

We may exhibit in an elementary way how to 
achieve this. Consider the intersection of a rectangu- 
lar axis triad (OABC) with a sphere of unit radius 
centred at O. Let the points of intersection be a, 
a’, b, b’, and ec. ec’. The directions Oa, Oa’, Ob, Ob’, 
Oc, Oc’ stand for six distinct logical possibilities with 
which we are all familiar in ordinary language, 
namely, up-down, right-left, fore and aft. Vectors 
joining O to points (x) of the sphere other than 
a, a’, b, b’, ec, c’, do not stand for logical possibilities 
in this system. The vector Ox is a linear combination 
of the basis vectors Oa, Ob, Oc. (Here Oa + Oa’ = 0, 
where + stands for the logical ‘or’. So Oa’ = —Oa. 
This is a necessary part of the logic of the system, 
since Oa and Oa’ are mutually exclusive.) Ox does 
not represent one of the six logical possibilities, but 
it could represent a statistical combination of these 
possibilities, provided that we have regard to the laws 
of probability in establishing the representation. 
The mathematical elaboration of this is obvious, 
since the sum of the squares of the components of 
Ox is unity. The important point for my purpose 
here is that some points x are traversed by the 
representative point on the sphere in continuous 
transitions between pairs of the six logical elements 
of our system. A jump in the discrete system is 
then regarded as a continuous change according to 
some law which we have not yet specified. Once the 
continuous law is given. however, a track is specified 
on the sphere, and in going from Oa to Ob, for example, 
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would pass continuously through points between 
Oa and Ob on the track. 

This scheme of representation may be extended to a 
system of n possibilities and a representation in 
n-dimensional linear vector space. Imagine possi- 
bilities for existence on a lattice (h.k,l) where h, k and 
We shall denote a variable point of the 
The mathe- 


/ are integers. 
lattice by the integer triad (&, 7, %). 
matical identity : 


u(E.n.c) = 


S u(h.kl) Sen dna Ser 
h,k,l 

0 < hkl < N, where 8,,, is the Kronecker delta 
symbol, can be read as a vector equation in the space 
in which each 

Cart = Séen8nx8z 
is a basis unit vector with e,,; ey477 = 0 or 1 accord- 
ing as the corresponding primed and unprimed 
subscripts differ or agree. u(h,k,l) is the hkl-com- 
ponent of the vector u(&.4,0); it may be @ continu- 
ously variable number of absolute magnitude < 1. 
and indeed, corresponding to our previous spherical 
representation: 
ju(E.nt)|? = = 
hkl 
Thus we have a N*-dimensional linear vector space in 
which u(£,4.2) is represented as a vector. 

Now consider displacement from (0,00) to (a.6.c) 
on the lattice, that is, through points (&,4.2) for which 
the succession of co-ordinates is governed by the 
following rule (A); in each step only one of the 

».~, changes by unity while the other two 
remain unchanged. On the lattice, this resembles 
continuous motion in the continuum. 

The corresponding transformation from u(0.0.0) to 

u(a.b,c) in the vector space proceeds via rotation from 
one co-ordinate axis to the next. But clearly, if 
Unger ANA UpA41R7 ATE positive: 
UAAMSEn8ne8q0 + uh + 1,41) Sen + 18nnder 
represents a vector between e,z; and eg4147- That 
whereas on the lattice we are concerned with integral 
steps between points of the lattice, in the vector 
space we can prescribe a continuous transition through 
the corresponding basis vectors in turn. Further, if 
we wish to allow only the integral connexion (0,0,0) — 
(a,b,c) on the lattice, we may prescribe a continuous 
one-parameter family of vectors bounded by u(0.0,0) 
and u(a.b.c), which ineludes none of the basis vectors 
Except Cy59 and €gpe- 

Thus this representation makes possible continuous 
transition (or motion) in the vector space correspond- 
ing to the connexion between two widely separated 
points of the lattice without requiring that intervening 
points of the lattice be traversed in accordance with 
the rule A. 

Let us now pass to the representation of possibilities 
for existence in the continuum of physical space by 
letting N tend to infinitv. The basis vectors now 
become: 


u(h,k,l)|? = 1 


integers, —E.7. 


u(E.7t) = 


is, 


> 


— r)d(4 


et 


&(E — y)8&(= — 2) 
corresponding to the spatial positions (x, y,z) and 
the sum over h, k, 1 is replaced by an integral over 
physical space. The integral connexion between 
two points of physical space, one corresponding to 
the source and the other to the detector of a physical 
particle, is represented in the vector space (which is 
now oo-dimensional) by a continuous transition which 
need not require the vector to pass through any of 
the basis vectors. 
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In quantum mechanics the domain of numbers in 
which the components of the vectors vary is not the 
continuum of real numbers hitherto assumed above, 
but that of complex numbers (the grounds for this 
are given by H. Wey] in Gruppentheorie und Quanten- 
mechanik, §4). 

As an example of the Jaw of continuous (unitary) 
transformation in the Hilbert space we may show the 
equation: 

h dx 


Hx = 0 


i dt 
where x is the unitary vector and H is the Hermitian 
matrix for the energy (Weyl. op. cit.. §15). 

In representing the emission of an atomic particle 
from a source, we should normally choose as the 
initial vector, consistent with our knowledge of the 
emitter, one of the characteristic outgoing spherical 
waves (an eigen function of the angular momentum). 
The location of the source is then indefinite to the 
extent determined by a momentum uncertainty equal 
to twice the momentum of the emitted particle. 
But when the source is observed to recoil, we have to 
choose a different vector to represent the outgoing 
particle: because of our enforced ignorance in the 
circumstances we have imagined, it cannot be an 
eigen vector of position or momentum, and it cannot 
be one of angular momentum. The particular vector 
judged appropriate for this representation carries 
the information needed with the dynamical law to) 
determine the probability of the free particle being 
detected by a suitable detector placed in space to 
receive it. Thus the unitary vector associates a 
probability of detection with each point of physical 
space representing the position of a possible detector, 
and consequently with each member of the family 
of atomic existences that can be associated with the 
event in which the source recoils in a particular 
direction and ‘a particle is emitted’. 


; ; , ) 
If some diffracting or other physical system is 


interposed between source and detector, the ‘state 
vector’ for the particle is transformed by dynamical 
interaction and the new probability for detection ata 
given place is determined by the modulus squared 
of the component of the transformed vector in the 
functional direction. &8(« — x,)d(y — yp)d(z — 2p), 
(tp.Yps2p)) being the position of the detector. 

In the functional space each possibility of existence / 
is represented by a ray of ‘unit length’ from the origin. 
Only the particular axes that are eigen functions of 
‘the positional co-ordinates of the particle’ correspond 
to the existences in physical space. Any other ray 
does not correspond to a point of physical space at 
all, because it involves in a sense every point of 
physical space. Thus in the functional space we have 
possibilities for existence that are not possibilities for } 
existence in ordinary space. They can be interpreted 
statistically, however, and this is what quantum 
mechanics does. 

In classical representation the physical thing is 
located in the event. This act in the representing 
process may stand for a quite different and more 
elaborate pattern of behaviour than merely marking 
the map, for it involves actual things and other 
processes. Whatever is done must be acceptable as4 
support for attaching to the event a name by which 
an existence inheres in the event. According to the 
conception presented here for atomic existence, we 
should attach the name to the atomic transition | 
between source event and detection event. In 4} 
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crude representation in which these events are not 
distinguishable, the name is in effect attached to a 
single event, as required by the classical representa- 
tion with which we use the word ‘existence’ in 
ordinary language. 
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As to the existence of electrons in an atom or 
nucleons in a nucleus, physicists seem to be in no 
difficulty at the level of ordinary language, because 
the physical forces localize the particles sufficiently 
well to permit its unrefined use. 


TIME-INTEGRATED MEASUREMENTS OF SUBMARINE 
IRRADIANCE 


By RONALD CURRIE and LAURENCE DRAPER 


National Institute of Oceanography, Wormley, Godalming, Surrey 


N the course of trials of a new type of self-recording 
Da comaiien irradiance meter for use under water. 
some measurements of ecological interest have been 
made in two Scottish lochs. 

The irradiance meters are designed to be suspended 
at a number of depths from a free-floating buoy and, 
in the course of a day, to integrate the total irradiance 
at these points. The final instruments will be 
designed to record the scalar irradiance in conjunction 
with measurements of the photosynthesis of the 
phytoplankton’, but at present they have been used 
with flat-plate (cosine) collectors primarily to test 
he recording mechanism. No allowance has been 
made for this in presenting the results, and the 
integrated measurements do not take into considera- 
tion the alteration in angular distribution of the 
radiation as the day proceeds. Nevertheless, since 
the measurements were made under water, dis- 
erepancies from the true picture of downward irradi- 
ance are likely to be minimized through the effects 
of refraction at the surface and scattering by sus- 
pended particles in the water which tend to orientate 
the under-water radiation towards the vertical?. 

Through the courtesy and help of the director and 
staff of the Scottish Marine Biological Association 
Laboratory at Millport, we have been able to use these 
meters at two stations, one in Loch Striven and 
one in Loch Fyne. On both occasions the instruments 
were suspended at depths of 3, 5, 8-5 and 11 metres 
from sunrise to sunset in an unshaded position. 


Instantaneous measurements (percentage of surface irradiance) 
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Integrating meter (arbitrary irradiance units) 


Fig. 1. Instantaneous sub-surface irradiance measurements 
expressed as a percentage of surface values at midday on May 
17, 1961, at a station in Loch Striven. Curves are shown for the 
attenuation of different colours indicated by the number of the 
respective Schott filters used, BG12 giving a transmission from 
360 to 480 mu, V G9 from 480 to 600 mu and RG1 from 600 to 720 my. 
The instantaneous measurements in the blue-green (BG12 + 
V@9) are compared with the integrated measurements (BG12 + 
GG5), the latter being expressed in arbitrary units 
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Fig. 2. The relative response of the cells and filter combinations 


used for blue-green instantaneous measurements (BG12 + VG9) 
and integrated measurements (BG12 + GG5) 


Typical integrated measurements are shown in 
Fig. 1, where they are compared with instantancous 
measurements which were made at midday on both 
occasions by the method recommended by Atkins 
et al.’. 

The integrating meters are fitted with a filter 
combination consisting of a 1-mm. thickness each of 
Schott B@12 and GG5 glass. The spectral sensitivity 
of these filters in conjunction with the photocell 
(Fig. 2) covers a 50-my band centred on the wave- 
length of maximum transmission in oceanic waters. 
This sensitivity lies close to that of the meters used 
for instantaneous attenuation measurements in the 
blue-green (Fig. 2) which were fitted with a combina- 
tion of 2 mm. thicknesses of Schott G9 and BG12 
glasses. 

Comparing the measurements in this part of the 
spectrum, it is clear that the decrease with depth of 
the irradiance integrated over a whole day follows a 
pattern very close to that of the attenuation measured 
instantaneously at midday. The corresponding 
attenuation coefficients 2-30 (log I; — log Ij ¢2+41)) 
(ref. 4) are shown in Table 1. 

The close similarity between these measurements 
is very interesting, for it lends support to a method 


Table 1. ATTENUATION COEFFICIENTS FOR INSTANTANEOUS MEASURE- 
MENTS AND FOR THE [IRRADIANCE OVER THE DURATION OF A DAYLIGHT 
Day, IN THE 5-10 M. LAYER IN TWO ScorTisH Locus 

name _ in 


| Irradiance 
| tantaneous : 
Instantaneou integrated 


mea yi ~ | 
mareenent over one day | 


Filters ” 
| 94 PQ Filters | 
BG12+ VG9 BG12+6G5 | 





Loch Striven 
Loch Fyne 


May 17, 1961 
May 18, 1961 


0-493 | 
0-559 


0-482 
0-532 
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commonly used in marine ecology in which the total 
radiant energy at different depths in the sea is com- 
puted by applying instantaneous attenuation meas- 
urements to an integrated record of the sea surface 
irradiance®:®. 

To the best of our knowledge these are the first 
direct measurements of sub-surface irradiance: 
ured over a protracted period. While the agreement 
between these and the instantaneous measurements 
s good, it should be remembered that only the down- 
ward sub-surface irradiance has been considered, and 
that the made under ideal 
conditions with only slight sea-surface disturbance 
and a relatively high noon solar altitude (53°). We 
hope to extend these measurements to a consideration 
in diverse weather 


» meas- 


measurements were 


of scalar irradiation under water 
conditions. 

Finally, an interesting feature 
characteristics of the water in 
demonstrated by the very high rate of attenuation of 


the 
two 


of 
these 


optical 
lochs 
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blue light (Fig. 1) measured with a Schott BG 12 filter 
with its maximum transmission at about 430 mu. 
This strongly selective absorption must only be 
ascribed to a strong yellowish coloration of the water, 
probably from dissolved organic substances like the 
‘“gelbstoff” of Kalle? and perhaps for the greater 
part originating from the humie acids in the fresh 
water inflow into these lochs. 

A description of the integrating irradiance meters 


will be published shortly®. 
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FIBROUS SILICA 


Dr. WOLFGANG HALLER 
National Bureau of Standards, Washington 25, D.C. 


SIBRES of silica were grown on electrically heated 
} platinum by exposing the platinum 
target to nitrogen-diluted mixtures of silicon tetra- 
fluoride and water vapour. Before striking the target. 
the mixture was passed through an electrically heated 
platinum tube maintained above the temperature of 
the target. The growth of the fibres on the target 
could be observed microscopically. 

The fibres so obtained have circular cross-sections 
without any visible indication of faces. Diameters of 
fibres range from less than lu to 50u. Their lengths 
range from 10u to millimetres, and are limited mainly 
by the availability of growth space which has a 
homogeneous temperature field. 


surtaces 





The refractive index of the fibres approximates th: 


known refractive indices of vitreous silica (1-46) and 
is lower than the indices of any known forms of 
erystalline silica. Rotation of a fibre around its longi- 
tudinal axis reveals no optical anisotropy.  Bi- 
refringency can be observed by rotating the fibres 
around axes perpendicular to their longitudinal axis 
Because of the curvature of the fibres and the rather 
slight birefringency, it is difficult to distinguish if the 


birefringence extends uniformly over the full length | 


or is segmentally modulated. 

Figs. 1--7 illustrate typical forms of fibres. Al 
tibres were grown at target temperatures of approxim- 
ately 1,100° C. Lowering the target temperature 
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produces colloidal silicious deposits, rather than 
fibres. Fibres start to grow straight or slightly 
eurved, mostly originating from limited areas of the 
target. Clusters of this kind are shown in Figs. 1 and 
9. The cluster in Fig. 1 originates from a corner of the 
platinum target. The cluster in Fig. 2 grew in a 
fan-shaped arrangement around the circumference 
of a thermocouple wire. 

Frequently, secondary branching can be observed. 
as shown in Figs. 3 and 4. In these pictures the 
parental fibres are still visible. Another secondary 
growth if fibres grow out of the optimal- 
temperatures field or if temperature fluctuations 
occur. In this case, the fibres terminate their growth 
with heads of opaque finely dispersed silica (Fig. 
1) or the surface of the fibre becomes coated with 
colloidal silica (plume-shaped growth at the centre of 
Fig. 5). 

Observation of fibre growth under the microscope 
conveys the impression that the fibres are in a plastic 
state. <A fibre, having terminated its growth, may 
become shorter and thicker (Fig. 4) or may develop a 
spherical head at the point (Fig. 6). These spherical 
heads are as transparent as the rest of the fibre. 
while the colloidal deposits are opaque to light. The 
thickened fibre in Fig. 4 added later a mustachioed 
growth to its obese shape. Occasionally fibres 
suddenly change their direction of growth; the helical 
and zigzag shaped fibres shown in Fig. 7 owe their 
form to spontaneous angular bending of already 
grown. originally straight fibre segments. In addition 


occurs 
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to this drastic bending at distinct regions of the fibres, 
which is not reversible and which appears to be the 
product of flow or slip, the fibres constantly perform 
slight twisting and bending motions of synchronous 
character. Microscopical observation at growth 
temperature gives the impression of looking on a 
colony of water plants, drifting in a slow current. 
These motions are cyclic and reversible and may well 
be due to strains produced by fluctuations in the 
temperature field. 

Spectrochemical analysis of the fibres produced 
only the emission lines of silicon. Water and fluorine 
contents were not determined. but are expected to be 
low since these compounds and their possible reaction 
products with silica have high vapour pressure at 
growth temperatures. 

X-ray diffraction investigations of a multitude of 
fibres by the powder method showed amorphous 
bands plus faint but distinct diffraction lines, indicat- 
ing a small degree of crystallinity. Selected fibres 
were mounted and investigated by single-crystal 
X-ray diffraction methods. but were only found to be 
completely amorphous. 

A more detailed study of the fibre-forming condi- 
tions and more structural studies are being pursued. 
The most likely cause for the deposition of the silica 
into oblong, statistically and energetically unfavour- 
able forms, is the action of some directing lattice 
force. although other directing mechanisms such as 
electrostatic agglomeration and thermal effects may 
be possible. 


PYROLYSIS AND GAS-LIQUID CHROMATOGRAPHY ON THE 
MICROGRAM SCALE 


By C. E. ROLAND JONES and A. F. MOYLES, 


Research Department, Vinyl Products, Ltd., Butter Hill, Carshalton, Surrey 


E are now able to describe an improved 
pyrolyser unit for use in conjunction with a 
gas-liquid chromatograph. 
Whereas the previous model!, designed for use with 
a chromatograph equipped with a gas density balance 
detector?, required a sample size of 2-3 mgm., the 
new unit, coupled with a Pye argon chromatograph. 
needs only 20-30 ugm. In this way the essential 
requirements for pyrolysis are better observed, in 
particular the criterion of a very thin sample film. 
The improved pyrolyser (Fig. 1) consists of a 22-em. 
length of 1 x 0-0015 single core ‘Pyrotenax’ 
fashioned at the lower end that the sheath is partially 
cut away for 5 em. and the insulating medium 
removed; the central conductor is shortened by 
4cem. and the end turned over to form a hook. A 
brass bush. 6 mm. long and 2-5 mm. in diameter. 
drilled to 20 wire gauge along its major axis and 
drilled and tapped to accept a 12 BA grub screw as 
illustrated, is brazed on to the inside of the cut-away 
at the bottom of the sheath. The filament is a 10 em. 
length of 34 s.w.g. nichrome wire coiled to a diameter 
of 1-5 mm. (about 10 turns) one end of which is 
hooked over the end of the central conductor while 
the other is held captive in the brass bush after the 
length has been adjusted to give a resistance of 2 
ohms. The upper end of the ‘Pyrotenax’ has the 
sheath removed for about 1-5 em. to expose the 
central conductor and connexions are made in a 


so 


conventional manner. The glass 7'-piece consists of 
a B.14 cone and a side entry for the carrier gas stream ; 


























General view of improved pyrolyser with details showing 
the filament mounting 
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the “Pyrotenax’ is held in position 
by means of a short length of thick- 
walled rubber tubing. The firing 
circuit (Fig. 2) is the low-tension 
section of a Radford *‘Labpack’s, 
which gives 0-22 V. by 0-2 V. steps 
up to a load of 6 amp. 

The filament is calibrated 
plotting applied potential 


RECTIFIER 
1/2 watt @ ma. 20 v. 
Contact cooled. 


by 
versus 

















temperature (measured under actual 
operating conditions with a Cam. 
bridge disappearing filament pyro. 
meter). 

The sample, in the form of a dilute 
solution or dispersion (about 1 per 
cent w/w concentration), is applied 
with a fine camel-hair brush to one 
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or two coils toward the centre of 
the filament and dried under an 
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Fig. 3. Comparison of the pyrolysis chromatograms of a styrene 
homopolymer on the milligram scale (left) and the microgram 
scale (right) under otherwise similar conditions 
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Fig. 4. Pyrolysis chromatograms of an emulsion paint and the 

emulsion base obtained by pyrolysing at 700°C. and chromato- 

graphing at 82° C. on a 4-ft. column prepared with 124 per cent 

w/w poly-(ethylene glycol succinate) on 100-120 mesh acid- 

washed ‘Celite’ 545. Detector setting, 1,250 V. at maximum 

sensitivity, Argon carrier gas at 24 ml./min. Chart speed, 6 in /hr. 
Time of each analysis, 40 min. 


0°03 Henry at 1°O amp. 
2000 Lae 10 v. —5 


Resistance 0*}3 ohm. 
Max. current 6 amp. 


Firing circuit for improved pyrolyser 


infra-red lamp. 

Comparison of the chromato- 
grams obtained by pyrolysing a 
styrene homopolymer on both the 
milligram and the microgram scales 
(Fig. 3) is of interest, for the 
monomer yield rises from about 
90 per cent on the milligram 
scale to near quantitative on the microgram scale. 
This, and the analogous behaviour of a methy! 
methacrylate homopolymer, are evidence for the 
occurrence of secondary reactions in the thicker 
film, probably due to the diffusion of fragments 
through the degrading polymer despite a_reason- 
ably short time of residence in the vicinity of the 
filament’. It is clearly advantageous, therefore, 
to work at the microgram-level. 

The catalytic effect of the filament surface can be 
demonstrated at the milligram-level by comparing 
the pyrolyses of styrene and methyl methacrylate 
homopolymers using nichrome and_ gold-plated 
nichrome wires; the latter surface slightly 
simpler chromatograms. However, at the microgram- 
level no such differences are apparent when the 
pyrolyses are conducted on nichrome, gold-plated 
platinum and platinum filaments. 

The versatility of the technique is illustrated by 
the following examples: 

(i) Although many synthetic polymers are readily 
soluble in a wide range of organic solvents, it is often 
desirable to sample an aqueous polymer emulsion or 
a modified aqueous polymer emulsion direct without 
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Fig. 5. Pyrolysis chromatogram of a sample of a motor-cycle fair- j 
ing. The shaded peak is due to styrene. Conditions as for Fig. 4. 
Analysis time, 60 min 
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Fig. 6. Pyrolysis chrematograms of two samples of a silicone 


Sample 1 (left), sample 2 (right). Conditions as for Fig. 4. 
Time of each analysis, 50 min. 


rubber 


any preliminaries. This is exemplified in Fig. 4, 
which shows the characteristic identity of the polymer 
without separation from the inert constitutents. 

(ii) Fig. 5 shows application to a fabricated 
polymer, a glass-fibre reinforced polyester, sampled by 
filing with a smooth Swiss file; the resultant powder 
mixed with 1 per cent w/w of gum tragacanth 
is slurried with water and then applied to the filament. 
Obviously. many materials may be treated in this 
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way if they cannot be taken up into solution; a 
sample such as coal, for example. may be ground to an 
impalpable powder. It is desirable that filed or 
powdered samples should pass a 200 B.S.S. sieve. 

(iii) Fig. 6 illustrates the pyrolyses of two specimens 
of a high-temperature silicone rubber, sampled by 
filing at — 70° C. (grinding at a somewhat lower 
temperature would be equally effective). Silicone 
rubber No. 1 retains its properties after prolonged 
use at 300° C., while silicone rubber No. 2 breaks 
down in use at 200° C. Quite clearly, there are 
chemical differences between the specimens. 

We wish to thank the Directors of Vinyl Products, 
Ltd., for permission to publish this article, and we are 
indebted to Mr. G. E. J. Reynolds for helpful advice, 
and to Mr. M. Harrison for assistance with the 
practical work. Thanks are also due to Mr. F. 
Jackson, of the Woodall-Duckham Construction 
So., Ltd., for the loan of a disappearing filament 
pyrometer. 
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EFFECT OF POLYVINYL ALCOHOL ON THE DISTRIBUTION OF 
IODINE-131 IN THE INTERNAL ORGANS, FLUIDS AND 
EXCRETA OF RABBITS 


By H. F. NOWAK and J. KUCHARSKI 


Department of Pathological Anatomy and Department of Medical Physics, Biatystok Medical Academy, Poland 


N the basis of experiments on mice given aqueous 
O solutions of polyvinyl alcohol to drink in concen- 
trations of 0-1 per cent—10 per cent for 210 days, it was 
found that this polymer is a non-toxic compound and 
causes a slight increase in the glycogen in the liver’. 
Experiments carried out with polyvinyl alcohol on 
rabbits showed that an 8 per cent solution at pH 7-3 
and viscosity 1-7 possesses properties similar to 
plasma. This solution, when injected intravenously, 
brought about an excessive deposition of glycogen in 
the liver cells and Browicz-Kupfer cells during the 
first 4 weeks after injection, and, 3 months after 
injection, the liver glycogen content was similar 
to that of the controls. An increase in the number of 
normoblastic cells was noted in the marrow*. In 
experiments on Tendipes f.1. plumosus in aqueous 
solutions of polyvinyl alcohol, a 50 per cent increase 
in hem was discovered’. Polyvinyl alcohol, adminis- 
tered intravenously to rabbits together with a shock 
dose of trypan blue, was effective in preventing the 
appearance of shock symptoms, and when adminis- 
tered to rabbits during the initial phase of shock, 
diminished the shock symptoms and thus prevented 
the death of the animals‘. This polymer can, in 
addition to the above-mentioned properties, bind 
dyes and toxins and increase the kidney excretion 
coefficient of these substances. 

In view of these properties, revealed in our previous 
experiments, our aim was to examine the effect of 
polyvinyl alcohol on the distribution of iodine-131 in 
animal organs. 

The experiments were carried out on 20 rabbits 
of both sexes, weighing between 2:5 and 3 kgm. The 


rabbits were divided into two series. and each series 
was divided into two groups, (a) and (b). Rabbits 
1-5, group (a), series I, were given 10-ue. iodine-131 
intravenously in 10 ml. of physiological salt solution. 
Rabbits 6-10, group (6). series I, received 10 ue. 
iodine-131 in 10 ml. of polyviny! alcohol, intraven- 
ously. All the rabbits of series I were killed 4 hr. 
after administration of iodine-131 with physiological 
salt solution and polyvinyl alcohol. 

Rabbits 11-15, group (a), series II, received 
intravenous injections of 10 ue. iodine-131 in 10 ml. 
of physiological salt solution. Rabbits 16-20, 
group (6), series II, were given 10 ue. iodine-131 in 
polyvinyl alcohol, intravenously. All the rabbits of 
series II were killed 17 hr. after injection. Before 
killing the animals of both series, 3 ml. of blood were 
taken for testing. After centrifuging, the serum was 
separated from the morphological elements. When 
the rabbits had been killed, they were dissected. In 
order to detect radioactivity, the urine, feces, bile, 
parenchymal organs, endocrinal glands, lymphatic 
nodes and marrow were taken for testing. All the 
tissues were dried at 80° C., after which they were 
triturated in a mortar, and the resulting powder 
put into specially prepared bags of polyvinyl chloride 
(as a protection against radiation). After weighing. 
the powder was placed under the mica end-window 
of the chamber in the Geiger—Miiller, BAT-type 
counter and the number of impulses in a certain 
period of time was recorded. 

At the same time, sections of organs were taken 
from each rabbit for histological examination. They 
were fixed in 6 per cent formalin solution and then, 
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Fig. 1. Average findings from 5 rabbits injected intravenously with 
iodine-131 in physiological salt solution and from 5 rabbits given 
labelled iodine in 8 per cent aqueous solution of polyvinyl! alcohol. 
rhe rabbits were killed 4 hr. after injection. The various columns 
represent activity of 1 gm. of dry mass of the organs of fluids, and 
of excreta, expressed in impulses per min. after intravenous injec- 


tion of: white, iodine-131 in physiological salt; black, iodine- 
131 in polyvinyl alcohol 
after dehydration, embedded in paraffin. The 


sections were stained with haematoxylin and eosin. 
The results are given in Figs. 1-3. The various 
columns represent 1 gm. of dry organic mass, fluids 
excreta in counts per min. after intravenous 
injection of iodine-131 in physiological salt or 
polyvinyl alcohol. In calculating the radioactivity, 
self-absorption of radiation in the various samples 
was taken into consideration. 

In the microscopical picture of the lungs of series 
I, group (a) rabbits, the walls of the alveoli were 
thickened. The epithelial cells of the alveoli were 
cedematous, with strongly acidophilic protoplasm. 
The mucous membrane of the bronchus showed 
hypertrophic and hyperplasic traits. The same 
changes were evident in the capillary vessels of the 
endothelium and the parabronchiole branch of the 
In the walls of the lung alveoli 
and in the blood vessel lumen, a great number of 
acidophilic leucocytes were seen. In the _ para- 
bronchiole lymphatic nodules, hypertrophic and hyper- 
plastic characteristics were observed. 

The cardiac muscle displayed basophilic degenera- 
tion as well as single acidophilic leucocytes. The 
liver cells were enlarged, their trabecular outline 
obliterated and the nuclei of the Browiez—Kupfer 
cells clearly hyperchromatic. In the portal spaces, 
single acidophilic leucocytes were evident. 

The bile duct epithelium showed hypertrophic 
characteristics. The epithelial cells of the straight 
kidney caniculi had a light-coloured protoplasm and 


and 


pulmonary artery. 
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gave the impression of being swollen. Among them, 
single acidophilic leucocytes were observed. 

The suprarenal body displayed hypertrophy of the 
cortical layer with focal hyperplasia of the glomular 
layer. Single acidophilic leucocytes were seen in 
them. The stomach mucous membrane contained, 
in the superficial layer, single acidophilic cells. The 
lymphatic nodules of the appendix possessed hyper- 
trophic characteristics and a considerable admixture 
of acidophilic cells. The glandular epithelium of the 
mucous membrane was grossly swollen and in places 
mucously degenerated. 

In the rabbits of series II (a), killed 17 hr. after 
injection, there were considerably less acidophilic 
cells; on the other hand, mononuclear cells, similar in 
appearance to plasmatic cells, were increased in 
number. 

In the sections of rabbit organs from series I and 
II (6) with polyvinyl alcohol, the acidophilic cells 
were less numerous than in group (a), with the physio- 
logical salt solution. The changes in the cells were 
absent, nor was there evidence of hyperplasia. 

It was experimentally demonstrated that the rab. 
bits which were given iodine-131 with polyvinyl 
aleohol were found to have a considerably different 
content of iodine-131 (in counts per min.) in their 
various organs, fluids and excreta, as compared with 
the rabbits given iodine-131 in physiological salt 
solution. In the thyroid gland, 4 hr. after adminis. 
tration of iodine-131 with polyvinyl alcohol, the 
radioactive iodine which accumulated was six times 
greater than in the thyroid of rabbits given iodine-131 
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Fig. 2. Average findings from 5 rabbits injected intravenously 
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solution of polyvinyl aleohol. The rabbits were killed 17 hr. | 
after injection. The various columns represent theactivity of lgm. J 
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Fig. 3. Average findings from 5 rabbits which were given intra- 


venous injections of iodine-131 in physiological salt solution and 
from 5 rabbits injected with iodine-131 in 8 per cent aqueous 
solution of polyvinyl] alcohol. The rabbits were killed (a) 4 hr. 
after, (b) 17 hr. after injection. The various columns represent the 
activity of 1 gm. dry mass of degenerated thyroid, expressed in 
counts per min. after intravenous administration of : white, iodine- 
31 in physiological salt; black, iodine-131 in polyvinyl] alcohol 
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with physiological salt solution. However, in the 
parenchymal organs of these rabbits, the amount of 
iodine-131 was less (by practically half) than that of 
the iodine-131 in the organs of the rabbits to which it 
administered in physiological salt solution. 
After the injection of polyvinyl alcohol, the rabbits 
excreted urme in large amounts, especially during 
the first 4 hr. We recorded 1.650 counts per min. 
in the urine. Anuria was observed to occur during 
the first 4 hr. in the rabbits given iodine-131 with 
physiological salt solution. 17 hr. after injection of 
iodine-131 with polyvinyl alcohol, there was still 
more radioactivity to be found in the thyroid of 
these rabbits than in those which had received 
iodine-131 with physiological salt solution. Radio- 
active iodine accumulating in the parenchymal 
organs had a harmful effect on these organs. as was 
seen from the microscope pictures. Administration 
of iodine-131 with polyviny] alcohol caused it to collect 
more rapidly in the parenchymal organs and thus 
the possibility of injury to these organs is consider- 
ably reduced. 

In our experiments on rabbits, we also showed that 
the radioactive iodine given with polyvinyl alcohol 
and collected in the thyroid gland was six times 
greater than when given in physiological salt solution. 
Therefore, it can be concluded that doses of iodine 
may be reduced to a sixth, and thus the pathological 
changes in the parenchymal organs, occurring on 
administration of radioactive iodine, are even further 
diminished. 
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CONSTITUTION OF CELLULOSE MICROFIBRILS 
By D. T. DENNIS and Pror. R. D. PRESTON, F.R.S. 


Botany Department, University of Leeds 


rT“HE difficulty in isolating a native cellulose 

| yielding glucose only on hydrolysis has long been 
recognized. Until comparatively recently the non- 
glucose sugars included in the hydrolysates of cellulose 
have been regarded as derived from residual unex- 
tracted hemicelluloses. The identification of cellulose 
with the microfibrils visible in the electron micro- 
scope. and the evidence that apparently pure micro- 
fibrillar material yield other sugars as well as glucose 
sometimes in amounts up to 50 per cent of the total 
sugar', show that the microfibrils are more complex 
than at first sight appeared. Since the micro- 
fibrils of, for example, Rhodymenia cellulose yield 
approximately equal amounts of glucose and xylose 
then they must at least contain molecular chains 
both of xylose and glucose. It is equally possible 
that the molecular chains may be mixed. 

On various grounds it appears reasonable to suppose 
that the chains running down the centre of a micro- 
fibril form a core which is highly crystalline and that 
this core is clothed in a ‘cortex’ in which the chains, 
while still parallel, are not regularly spaced?. It is 
clearly possible to suggest further that this difference 
in the degree of crystallinity could be due to the 
presence in the cortex only of, for example, xylose 
residues, whether in the form of xylan chains or of 


mixed glucan-xylan. This possibility can to some 
extent be tested. 

According to Rianby* and, later, Mukherjee and 
Woods! and others, cellulose microfibrils can under 
certain conditions be broken down to short rodlets 
which Rainby identifies with the crystallites—micelles 
—first suggested by Nigeli as the crystalline units 
in cellulose and later found necessary to explain 
some features of the X-ray diagram. If it were 
possible even approximately to associate these 
rodlets with short lengths of the crystalline core of 
the microfibril then analysis of these rodlets would 
serve to decide whether or not this central core is 
homogeneous. This article concerns the relevant 
observations. 

Holocelluloses varying widely in hemicellulose 
content were prepared by the method of Jermyn 
and Isherwood*®. With the exception of Porphyra 
these were treated with 4 per cent potassium 
hydroxide at 20°C. for 4 hr., a process known to 
remove most of the alkali-soluble hemicellulose with 
no damage to the microfibrils. Part of the residue 
was hydrolysed and the sugars identified as described 
by Cronshaw et al.'. The rest was treated with 2-5 
N sulphuric acid at 100° C. for 24 hr. and washed until 
it formed a colloidal solution’. The dispersed phase 








1961 








668 NATURE August 12, Vou. 191 
Table 1 
Holocellulose Acid from colloid 
Source ellulose Holocellulose * after 4 per cent KOH * z-Cellulose + ( rloidal ce lulose * cellulose * 
Elm wood glucos S glucose S pres ose S glucose : s 
xVlose M x Vlose u xylose s 
Pine wood glucos Ss glucose Ss glucose S mannose S 
mannos M mannose Vv mannose (trace) xylose S 
xvlose MU xylose Ww lucose Ss 
gal actose “i 
Rhodymenia glucose S glucose s glucose Ss glucose Ss glucose Ww 
xylose MV xylose s xylose s xylose (tract xylose Ss 
l I glucos S glucose Ss glucose s glucos Ss glucose 5 
xvVlose NW xylose MW xylose Ss M 
rhamnose (trace) rhamnose (trace) iv 
Laminaria glucose Ss glucose Ss glucose Ss glucost Ss | S 
ironic acid Ww uronic acid vw uronic acid M 
* S, strong; M, medium; W, weak, spot on chromatogram. 
+ From Cronshaw et al. (ref. 1). 
is cellulose in the ‘true’ sense (the ‘eucellulose’ of 


was precipitated by the addition of a few drops of 


0-1 N hydrochloric acid and the precipitate was 
washed by centrifugation into acetone and dried in 
The resulting powder was hydrolysed and 


vacio. 
the constituent sugars determined both in this hydro- 
lysate and in the acid extract. At each stage the 
material was examined by electron microscopy and 
X-ray diffraction analysis. 
The analysis of the celluloses 
treatments is given in Table 1. 
The colloidal celluloses contain at most only traces 
of non-glucose sugars even though these are abundant 
in the parent microfibrillar material. 
Breakdown of microfibrils to rodlets therefore 
involves the removal of the bulk at least of non- 
as shown for phloem fibres 
by Riinby* and by Mukherjee and Woods‘ and for 
our material during the present investigation, the 
rodlets still yield the X-ray diagram of cellulose | 
the molecular chains cannot have been widely sepa- 
rated at any stage of extraction, and it seems likely 
that they represent in only slightly modified form 
the original central core of the microfibrils. The 
evidence suggests therefore that this crystalline core 


by 


after the various 


glucose sugars. Since, 


Myers and Preston®) and that the non-glucose sugars 
of the microfibrils are confined to the outer layers. 
This is of considerable importance both in terms of 
the mechanism whereby the microfibrils may be 
synthesized and because it means that even in cellu. 
loses containing a low percentage of non-glucose sugar 
residues the exclusion of these from the central 
core increases the proportion of them lying on the 
surface of the microfibrils to a level greater than might 
otherwise be expected. Except when so rigorously 
extracted that a cellulose preparation falls to a 
colloidal solution, its reactions with non-swelling 
material may be those of xylan and/or mannan and 
not of a glucan. 


*Cronshaw, J., Myers, 
Acta, 27, 89 (1958). 


A., and Preston, R. D., Biochim. Biophys 
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BREAKDOWN OF [2-'4C]-GLYCINE DURING PAPER 
CHROMATOGRAPHY 


By A. K. HUGGINS and V. MOSES 
Department of Chemical Pathology, King’s College Hospital Medical School, Denmark Hill, S.E.5 


N the course of work on the metabolism of [2-'C]- 
| be a lh by animal tissues, it has been observed 
that up to 40 per cent of the glycine may decompose 
with the formation of a number of radioactive sub- 
stances when paper chromatograms are developed 
with phenol/water followed by n-butanol/propionic 
acid/water. It seems probable on the basis of chroma- 
tographic properties that the major breakdown 
product is neither glyoxylic nor glycollic acid. Unless 
quantitative the decom- 
position of glycine would not normally be detected, 
since the breakdown products did not give a positive 
ninhydrin reaction. Fowden' has reported losses of 
up to 30 per cent with glycine when chromatograms 
developed with phenol/water were dried with hot air. 
The influence on the rate of breakdown of glycine by 
and of pre-treatment with oxalic 
has been 


measurements were made, 


various solvents, 
acid of the paper used for chromatography, 


investigated. 


? Frey-Wyssling, A., Science, 119, 80 (1954). Cronshaw, J.. 

R. D., Nature, 181, 248 (1958). Preston, R. D., Intern. Rev. Cytol 
8, 33 (19: 59). 

* Ranby, B. G., Acta Chem. Scand., 3, 649 (1949). Ranby, B. G., and 
Ribi, E., Experientia, 6 . 12 (1950). 

* Mukherjee, &. M., Sikorski, J., and Woods, H. J. Te st. Tnst., 8 
1196 (1952). Mukhe rjee, S. M., and Wacts, H. J., Biochin 
Biophys. Acta, 10, 499 (1953). 

*’ Jermyn, M. A., and Isherwood, F. A., Biochem. J., 64, 123 (1956 

* Myers, A., and Preston, R. D., Proc. Roy. Soc., B, 150, 447 (1959), 
[2-"C]-glycine (0-1 uc.; 0-026 umole) (Radiocheni- 


cal Centre, Amersham, Bucks) was spotted on What- 
man No. 4 filter paper, either untreated or previously 
immersed for 2 hr. in 1 per cent (w/v) oxalic acid, and 
then rinsed ten times during 48 hr. with distilled 
Chromatograms were run using the following 
solvent systems: (i) phenol (72 per cent w/w)/water 
(British Drug Houses phenol detached crystals 
B.P.C.); (ii) phenol (72 per cent w/w)/water, after 
distillation of the phenol over 0-1 per cent (w/w 
aluminium turnings and 0-05 per cent (w/w) sodiun 
(iii) »-butanol/propionic 
(45-9, 23-4, 30-6 per cent v/v)’; (iv) pyridine (80 per 
cent v/v)/water. One-dimensional chromatogram: 
were run using each solvent on both oxalic acid-treated 
and untreated paper. Two-dimensional chromato 
grams were run on both types of paper using pheno! 
water or redistilled phenol/water followed by 
n-butanol/propionic acid/water, and again with the 


water. 


bicarbonate? ; 


acid/water ; 
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Table 1. EXTENT OF GLYCINE 


Pretreatment Dimensions First solvent 
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BREAKDOWN DURING CHROMATOGRAPHY WITH VARIOUS SOLVENTS, AND THE EFFECT OF 
PAPER WITH OXALIK 


Second solvent 


669 


PRETREATING THE 
ACID 


Protective effect 

of using the acid 

solvent in the first 
dimension * 


Carbon-14 (per 
cent) not glycine 
appearing during 


Carbon-14 (per 
cent) not in 
glycine after 


if paper chromatography drying of phenol * 

None l Ph. 13-5 
1 Redist.-Ph. 4:4 
l But.-Prop. 2-1 
l Pyr. - 4-7 
2 Ph. But.-Prop. 37-6 22-4 
2 tedist.-Ph. But.-Prop. 21-8 15°3 
2 Sut.-Prop. Ph. 12-5 31 
2 But.-Prop. Redist.-Ph. 2-0 45 

Oxalic acid 1 Ph. 12°38 

; - 1 Redist.-Ph 1-1 

i But.-Prop. O-2 
] Pyr. 2 
2 Ph. But.-Prop. 23-6 9-6 
2 Redist.-Ph. sut.-Prop. 4-1 2°38 
2 But.-Prop. Ph. Sb 4-4 
2 But.-Prop. Redist.-Ph. 0-9 O-4 


* Calculated as 


sum of breakdown in both solvents — (breakdown in phenol/water + breakdown in n-butanol) propionic acid/water). 


Abbreviations: Ph., phenol/water; Redist.-Ph., redistilled phenol/water; But.-Prop., n-butanol/propionic acid/water; Pyr., pyridine-water. 


solvents used in the reverse order. All chromato- 
grams were dried for 24 hr. in a current of air at 
room temperature. Radioactive substances on the 
chromatograms were located by radioautography 
using ‘Kodirex’ No-Screen X-ray film (Kodak, Ltd.), 
and the radiocarbon in each compound was counted 
directly on the paper with an end-window Geiger- 
Miiller tube* connected to a sealer. 

The results are presented in Table 1, which reports 
the percentage of the carbon-14 on each developed 
chromatogram present in substances other than 
glycine. With phenol as the first solvent, there was 
streaking of radioactive material ahead of the glycine 
spot, suggesting breakdown of the glycine during 
chromatography. When this was followed by develop- 
ment in the second dimension with n-butanol 
propionic acid/water, the streaked material was well 
separated from glycine (Fig. 1). In the acid solvent, 
the most radioactive area of the streaked material 
lay directly ahead of glycine, and it is probable that 
this represented glycine which decomposed while 
the chromatogram was being dried following develop- 
ment with phenol. Development in the acid solvent 
then separated this material from glycine. From the 
sum of the extent of glycine breakdown during 
development in phenol/water and in n-butanol 
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Fig. 1. Radioautogram of chromatogram of [2-'*C]glycine. Paper: 

Whatman No. 4 pretreated with oxalic acid. Solvents: phenol 

water (first dimension); n-butanol/propionic acid/water (second 
dimension) 


propionic acid/water, estimates were made of the 
amount of decomposition of glycine while phenol 
was being removed from the paper by aeration: these 
values are included in Table 1. 

The breakdown of glycine during chromatography 
in n-butanol/propionic acid/water and in pyridine 
water was low with untreated paper, and was reduced 
by treating the paper with oxalic acid. Breakdown 
in phenol/water was largely eliminated by distillation 
of the phenol, and there was a further improvement 
on treatment of the paper with oxalic acid, particu- 
larly with respect to the amount of breakdown of 
glycine during drying of the chromatogram. Develop- 
ment of the chromatogram with n-butanol/propionic 
acid/water prior to phenol/water exerted a protective 
effect on the decomposition of glycine in phenol, 
since the total breakdown after consecutive develop- 
ment in these two solvents was less than the sum 
of the observed breakdowns in each solvent separ- 
ately. 

Dr. J. R. Catch, Radiochemical Centre, Amersham, 
Bucks, has suggested that the extent of breakdown 
of glycine might be related to the very small quanti- 
ties (2 ugm.) of the amino-acid which were applied 
to the paper. Three chromatograms were run using 
untreated paper. with phenol/water as the first 
solvent, and n-butanol/propionic acid/water as the 
second. [2-'C]Glycine (0-1 ue.; 2 ugm.) was applied 
to the paper, either with no carrier or in the presence 
of 20 ugm. or 200 ugm. of unlabelled glycine. The 
percentages of the total carbon-14 not in glycine 
after development of the chromatograms were as 
follows: no carrier, 46-3; 20 ugm. of carrier, 39-4; 
200 ugm. of carrier, 30-5. Thus, the breakdown of 
glycine was influenced by the total quantity of the 
amino-acid present on the chromatogram, but even 
large amounts of carrier provided partial protection 
only. 

Fleming and Crosbie* have reported recently a non- 
enzymic transamination between glycine and glyoxy- 
late which is catalysed by hydroxyl ions and inhibited 
at pH values less than 6. At pH 7 the reaction was 
catalysed by copper ions and inhibited by ethylene- 
diamine tetraacetic acid. The pH of our paper. with 
and without treatment with oxalic acid, and before 
and after running in various solvents, is given in 
Table 2. Semi-quantitative determinations of the 
copper content of the solvents were performed by the 
phosphomolybdie acid method described by Feigl®, 
and these values are reported in Table 3. It appears 
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COMPARISON OF pH OF OXALIC ACID-TREATED AND UN- 
PAPER BEFORE AND AFTER DEVELOPMENT IN EACH SOLVENT 
(Abbreviations as for Table 1 


lable 
rREATEI! 


pH of paper 


atter 


pH of paper 


Pretreatment before solvent 


of paper development development 
None 67 Ph 55 
67 Redist.-Ph. 5-5 
6-7 But.-Prop 4-8 
67 Pyr. 6s 
Oxalic 49 Ph. ive 
ov Redist.-Ph is 
+9 But.-Prop $3 
4-9 Pyr a0 
Table 3. COPPER CONTENT AND pH OF SOLVENTS 
(Abbreviations as in Table 1) 
Approx. copper content 
Solvent pu wem./m 
PI 4-8 20 
Redist.-P} 8 20 
But.-Proy 2°5 10 
Pyt g-2 0 


from these results that the copper content of the 
solvents is not an important factor affe cting glycine 
breakdown during chromatography. since there was 
no detectable difference in the amounts of copper 
present in the phenol before and after distillation; 
vet the extent of glycine breakdown was greatly 
reduced by distillation. The pH of the paper and of 
the solvents would seem to be of greater significance, 
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as the degree of glycine breakdown on oxalic acid- 
treated paper (pH 4-9) was always less than with 
untreated paper (pH 6-7), even when pyridine/water 
(pH 9-2) was used as the solvent. The protective 
effect on glycine of developing the chromatogram 
first in the acid solvent is probably due to the incom. 
plete removal of the acid during drying in air, resulting 
in a low pH of the paper after development in this 
solvent. 

We have some evidence that similar chromato- 
graphic considerations may also operate in the case 
of other amino-acids, particularly L-[!4C]glutamic 
acid, and it would therefore appear advisable for the 
chromatography of amino-acids involving phenol as a 
solvent constituent to use an acid paper and to 
purify the phenol by distillation. Pretreatment 
of the paper with oxalic acid may also be beneficial 
as a result of binding any copper ions which may 
be present. 
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PHARMACOLOGICAL CHARACTERIZATION OF THE OXYTOCIC 
PEPTIDES IN THE PITUITARY OF A MARINE TELEOST 
FISH (POLLACHIUS VIRENS) 


By Pror. H. HELLER and B. T. PICKERING 


Department of Pharmacology, The University, Bristol 
AND 


J. MAETZ and F. MOREL 


Departement de Biologie, Commissariat a |’énergie atomique, Saclay, Gif-sur-Yvette, Seine et Oise, France 


ge oral extracts from teleost fishes have been 

to contain at least two oxytocie sub- 
stances In the pollock or pollack (Pollachius 
virens) one of these substances has been identified as 
arginine*-oxytocin (arginine vasotocin) by amino- 
acid analysis?*. Arginine*’-oxytocin has also been 
chemically characterized in neurohypophysial extracts 
from and chicken’. Chromatographic? and 
pharmacological?:* evidence has been advanced for 
the presence of arginine*’-oxytocin in the neuro- 
hypophysis of reptiles as well as in that of other 


shown 
1,2 


frog* 


amphibians and birds. 

The second oxytocie principle found in pollock 
pituitary extracts was found to have many of the 
of Relative to its oxytocic 


properties oxytocin. 


potency. it showed very weak antidiuretic activity 
and, like oxytocin, had a much lower frog water 
balance activity than vasotocin?. When chromato- 
graphed on paper in butanol / acetic acid / water 
(4: 1: 5) (refs. 1 and 2) or eluted from a column of 
‘Amberlite CG-50° (ref. 2) it was found in the same 


position as oxytocin. 

The ‘second’ oxytocie peptide in pollock pituitary 
compared with oxytocin 
further pharmacological 


now been 


Sandoz) 


has 


extracts 
(‘Syntocinon’. 


by 


tests. The sample of peptide used was prepared by 
paper chromatography of the material obtained from 
the region of oxytocin when pollock pituitary extract 
was eluted from a column of ‘Amberlite CG-50° as in 
ref. 2. The active eluate from the paper chromato- 
gram was freeze-dried and the resulting solid dissolved 
in 0-25 per cent acetic acid containing 0-5 per cent 
chlorbutol as preservative. This solution was used 
in all the biological assays described here. 

The following tests were performed (the same batch 
of ‘Syntocinon’ = synthetic oxytocin, was used as 
standard throughout): (a) Jselated rat uterus assay 
with and without magnesium: Munsick’ has shown that 
the action of many synthetic analogues of oxytocin 
on the isolated rat uterus is potentiated by the 
presence of magnesium in the suspension fluid. He 
showed also that the degree of potentiation varied 
from one peptide to the other. Accordingly, the 
unidentified pollock peptide was assayed on rat uter! 
suspended in either Munsick’s’? modified van Dyke- 
Hastings solution® without magnesium ions or in the 
same solution containing 0-5 mW Mg*+/l. The 
solution of the pollock peptide had a potency of 
7 U/ml. in the absence of magnesium, but in the 
of this its potency was increased to 
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28 U/ml. Since ‘Syntocinon’ was the reference stand- 
ard in both sets of assays, the increase in potency of 
the pollock peptide clearly differentiates it from oxyto- 
cin. (b) Avian depressor assay*® : Estimations of the 
potency of the pollock peptide by this method gave 
a mean of 16-3 U/ml. compared with 7 U/ml. in assays 
on the isolated rat uterus without magnesium. 
(c) Effect on sodium transport through the isolated 
frog skin (natriferic activity'®): unlike oxytocin, the 
unknown pollock peptide almost completely lacks 
the power to stimulate the sodium current pro- 
duced by Rana esculenta skin in vitro. The mean 
natriferic potency was found to be 350 mU/ml. 
or 1/20 of the oxytocic activity. (d) Effect on water 
movement through isolated frog bladder (gravimetric 
assay'??2): as compared with oxytocin, the second 
pollock principle exhibited only a slight enhanc- 
ing effect on the osmotic permeability of the 
Rana esculenta bladder. The mean activity was 
750 mU/ml. or 1/9 of the oxytocie activity. (e) 
Effect on water movement through the isolated frog 
skin (volumetric assay'*): The potency of the un- 
identified pollock peptide to enhance the net water 
flux through the isolated skin of Rana esculenta was 
very low, that is, about 350 mU/ml. or 1/20 of the 
oxytocic activity. (f) Effect on water uptake by 
intact frogs: in one in vivo experiment (21 animals) 
on Rana esculenta, the water-balance activity of the 
solution containing the unidentified pollock peptide 
was found to be less than 1 U/ml., that is, its potency 
in this test was less than 1/7 of that in assays on the 
rat uterus without magnesium ions. Low sensitivity 
of ‘winter frogs’ prevented further experiments. 

The low potency of the unknown ‘second’ pollock 
oxytocie principle in all the amphibian tests is in 
striking contrast to the high potency shown by the 
‘first’ oxytocie principle which has been chemically 
characterized as arginine’-oxytocin®*. Compared 
with oxytocin, for example, the latter was found 
in a few preliminary experiments to be about 20 
times more potent on the sodium transport across 
frog skin and 200 times more active on the water 
movement through the isolated frog bladder. It was 
already known to be about fifty times more active 
in the frog water balance test in vivo®. 

Fig. 1 shows the difference in the potencies of the 
two oxytocie principles found in pollock pituitary 
extracts with reference to their action on sodium 


transport across frog skin. 

The effect of oxytocin on the renal water excretion 
of rats varies according to the conditions of the 
experiment !#:15, 
has 


but it has been shown that the 


hormone a weak antidiuretic action in intact 
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Fig. 1. Comparison of the effects of the two oxytocic polleck 
peptides and of oxytocin on the ‘sodium current’ (ref. 10) produced 
by frog skin. Ordinate: ‘short circuited current’ (in wamp.); 
abscissa: time, hr. Peptides added at arrows (in brackets: 
oxytocic = rat uterus activity). Ox = synthetic oxytocin; R = 
tinsing; I = the first oxytocic principle characterized as arginine*- 
oxytocin. Note that it was about 20 times more potent than 
oxytocin. Il = The second oxytocic principle., Note that it was 
about 20 times /ess potent than oxytocin 
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rats with a high water load. Assayed against 
‘Pitressin’, ‘Syntocinon’ was found to have an anti- 
diuretic activity corresponding to 1-1 per cent of its 
oxytocie potency’. When the unidentified pollock 
peptide solution was compared with ‘Pitressin’, its 
antidiuretic action was equal to a mean of 13 mU/ml. 
or to 0-2 per cent of its oxytocic activity. 

In a few preliminary antidiuretic assays'* on Rana 
esculenta the antidiuretic activity of the unknown 
pollock peptide was likewise found to be very weak, 
while the ‘first’ oxytocic peptide showed a high 
antidiuretic activity similar to that of arginine’- 
or lysine*-oxytocin. 

Table 1 shows the ‘pharmacological spectrum’ of the 
solution containing the unidentified oxytocie peptide 
in pollock pituitary extracts. The standard in each 
of the assays shown was synthetic oxytocin (‘Synto- 
cinon’). If, therefore, the pollock peptide had been 
identical with oxytocin, the activity ratio (last column 
of the table) would have been unity in each type of 
assay. The fact that all the assays on amphibians 
gave activity ratios very much less than unity 
indicates that oxytocin, if present at all, could only 
have been present in very small amounts. 


Table 1. POTENCY OF THE UNIDENTIFIED (‘SECOND’) OxyTOCICc 

POLLOCK PEPTIDE ASSAYED AGAINST OXYTOCIN (‘SYNTOCINON’, SANDOZ) 

(Note that, by definition, the activity ratios would be 1, had the 
unknown substance been oxytocin) 





| Ratio of 
activity to 
rat uterus 


Assay method Potency | 


| (U/ml.) (-—Mg**) 

| potency | 
Rat uterus without Mg- 7 1 
Rat uterus with 0-5 mM Mg**/lI. 28 4 
Chicken blood pressure 16-3 2-3 
Natriferic activity (isolated frog skin) 0°35 0-05 

| Water-balance activity (isolated frog 

| skin) ~ 0°35 ~ 0-05 
Water-balance activity (isolated frog 

bladder) 0-75 0-11 

Water-balance activity (intact frog) <1 <0°15 


| 


Until the unknown peptide is completely purified, 
it cannot be excluded that the preparation used in 
the present investigation contained other very similar 
peptides. However, the results presented are 
sufficient to demonstrate that teleost pituitary glands 
may contain not only arginine*-oxytocin (arginine 
rasotocin) but also another oxytocic peptide not 
found in the neurohypophysis of mammals. It would 
thus appear that the diversity of neurohypophysial 
active peptides in the vertebrate phylum is greater 
than hitherto assumed. 
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EVIDENCE OF A ‘HUNGER MOTIVATIONAL’ SYSTEM IN THE 
LATERAL HYPOTHALAMUS OF THE RAT 


By Dr. P. J. MORGANE 


Department of Physiology, University of Tennessee Medical School, Memphis 3 


AUCH interest has recently been focused on the 
N higher nervous control of food and water intake, 
particularly in the hypothalamic ‘centres’ concerned 
with the mechanisms of ‘feeding’ and ‘satiety’. 
Several investigations'~> have tended to stress the 
importance of longitudinal hypothalamic fibre trajec- 
tories, especially the medial forebrain bundle, as 
being intimately involved in the motivation of feed- 
ing and drinking behaviour. Thus, Olds* classifies 
the lateral hypothalamic area along the medial 
forebrain bundle as a part of his ‘reward’ or ‘pleasure’ 
system, stimulation of which is ‘preferred’ by a 
hungry animal to actual feeding. Miller® has con- 
sistently found that stimulation of the lateral hypo- 
thalamic area in the perifornical area elicits feeding 
His work 
are 


and drinking responses in satiated rats. 
indicates that the feeding and drinking 
largely co-extensive with drinking responses slightly 
more prominent from the dorsal perifornical area. 
Miller has also shown that this stimulation evokes 
several properties of actual ‘hunger’ in that it would 
motivate learned food-seeking responses. Grossman’. 
using the implanted cannula technique, has shown 
that injection of crystalline adrenergic substances 
into the peri- and supra-fornical areas elicits feeding 
in satiated animals and that acetylcholine injection 
caused water-sated animals to consume significantly 
more water. Furthermore, hungry rats would actually 
leave food, and drink water following acetyicholine 


areas 


injections. 

In earlier experiments*:* I have shown that the 
medial forebrain bundle is not a crucial system in the 
effectuation of spontaneous feeding and drinking 
behaviour, since lesions in this bundle, singly and in 
combinations, anterior and/or posterior to the level 
of the ‘feeding centre’ did not chronically affect the 


intake of food or water. Only with lesions at the 
level of the ventromedial nuclei was the lateral 
hypothalamic syndrome of adipsia and aphagia 


produced, and these effects were radically different 
in nature depending on whether the lesions were in 
the mid-lateral or far-lateral hypothalamus. Mid- 
laterally lesioned animals showed a ‘reversible’ type 
of aphagia and adipsia, while far-laterally lesioned 
animals showed a more drastic ‘failure’ with no 
reversal tendencies even when carried 45 days on 
tube feedings. It was postulated that crossing fibre 
systems, mostly pallidofugal, were the critical 
elements in the organization of the feeding and 
drinking ‘centres’ since these were interrupted after 
far-lateral lesions but not after mid-lateral or peri- 
fornical lesions. The more drastic downhill course in 
the animals lesioned in the far-lateral hypothalamic 
area correlated well with degeneration in the pallido- 
fugal fibre systems. Furthermore, it was shown after- 
wards?® that lesions directed to the origins of these 
systems in the internal segments of the globi pallidi 
reproduced faithfully the far-lateral hypothalamic 
syndrome. 


I have also shown" that the lateral hypothalamic 
area seems to be organized in a complex manner into a 
more medial ‘hunger motivational’ system and a far- 
lateral ‘metabolic’ system!!. Animals lesioned medi- 
ally and perifornically showed predominantly a 
‘motivational’ failure toward food and water since 
this adipsic-aphagic state was easily reversible after 
forced feedings depending on the extent of the lesion. 
Some of these medially lesioned animals showed 
adipsic and aphagic reversal even when given special 
positively motivating foods such as chocolates, malts, 
ete., and it is now thought that all these animals are 
potentially reversible with proper post-operative 
support. On the other hand. far-laterally lesioned 
animals with pallidofugal fibre degeneration or 
animals with lesions in the pallida themselves are not 
so easily reversed. In my experience with 15 far- 
laterally lesioned rats supported by tube feeding, 5 
died in spite of this treatment, 9 died of aphagia and 
adipsia after the tube feedings were discontinued 
(between 12 and 45 days post-operatively in the 
various animals), and only 1 showed reversal (resump- 
tion of spontaneous feeding and drinking behaviour 
after 43 days of tube support. Of 9 animals lesioned 
in the pallida, 5 died during tube support while the 
remaining 4 reverted to adipsia and aphagia after 
tube removals (20-48 days) and died shortly there- 
after. Five other animals lesioned in the pallida and 
not given tube support all died of aphagia and adipsia 
with food and water freely available. Thus, the far- 
laterally lesioned animals were not merely showing 
‘motivational inertia’ to water and food but some 
additional defect not compensated for by actually 
delivering food and water to the gastro-intestinal 
tract. I have termed this a ‘metabolic’ failure as 
opposed to the purely ‘motivational’ failures of the 
mid-lateral and perifornically lesioned animals!. 

In the present experiments bipolar stainless-steel 
electrodes 0-20 mm. in diameter were implanted 
stereotaxically in the lateral and dorsal perifornical 
areas as well as in the far-lateral hypothalamic 
area. The stereotaxic co-ordinates used _ were: 
anterior planes 5-8-4-9 of DeGroot!?, parasagittal 
planes 1-0-1-7 for the perifornical implantations and 
1-7—2-5 for the far-lateral implantations, and _hori- 
zontal planes —1-5 to —3-0. This range of loci corre- 
sponded to several areas immediately around the 
fornix columns and in the areas of dispersion of 
pallidofugal fibre systems. Rectangular pulses of 
0-2 msec. duration, 100 pulses per sec., were obtained 
from a “Tektronix 162’ waveform generator and a 
161 pulse generator which drove a cathode follower 
output stage. The output from the cathode follower 
was fed to the electrodes through a General Radio 
isolation transformer. Current was monitored on 4 
‘Tektronix 502’ oscilloscope for each pulse series. 
The current generally used was 2 m.amp. 

As a result of these stimulations additional support 
was added to the theory of the dual nature of the 
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Fig. 1. Frontal section through the brain of the albino rat at 
anterior plane 5°8 of DeGroot with fibre systems indicated. 
Feeding responses to electrical stimulation and drug injection at 
points indicated by A ; drinking responses to electrical stimulation 
and drug injection at points indicated by O; no effects to either 
electrical stimulation or drug injection at points indicated by O; 


feeding responses evoked by electrical and adrenergic stimulation 
at points indicated by @. SM, stria medullaris; 7, thalamus; JC, 
internal capsule; PA, paraventricular nucleus; i7'P, inferior 
thalamic peduncle; D, dorsal hypothalamic area; FL, fasciculus 
lenticularis of Forel; P-S, paraventriculo-supraoptic fibres; DM, 
dorsomedial hypothalamic nucleus; P-H, pallido-hypothalamic 
fibres; F, fornix; GX, dorsal supraoptic commissure, pars 
dorsalis (Ganser); AZ, ansa lenticularis; HL, lateral hypothalamic 
area; VM, ventromedial hypothalamic nucleus; O7', optic tract; 
MX, dorsal supraoptic commissure, pars ventralis (Meynert); 
3V, third ventricle 


organization of the ‘feeding centre’ and in the first part 
of the present work confirmation of Miller’s* work has 
been obtained. In 8 animals electrical stimulation 
of the dorsal and lateral perifornical areas has resulted 
in selective feeding or drinking responses in satiated 
states. The areas stimulated to produce feeding and 
drinking behaviour are shown in Figs. 1 and 2, which 
represent the two sterotaxic frontal planes utilized. 
Both these figures show that feeding and drinking 
responses were obtained mostly from the dorsal and 
lateral perifornical areas and that these response areas 
were distinctly separated from other response areas 
in the far-lateral hypothalamic area by regions of 
no response. However, after lesioning the medial 
forebrain bundle anterior and posterior to the level 
of the ‘feeding centre’ and repeating these perifornical 
stimulations (same animals with electrodes in place) 
nd feeding or drinking responses were obtained in 
any of the animals. On the other hand, it was 
previously shown!! that sated animals stimulated 
in the far-lateral hypothalamic area would feed even 
with the medial forebrain bundle lesioned. These 
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far-lateral stimulated animals would not, however, 
run an electrical barrier to press a lever for food. 
Before lesioning the medial forebrain bundle the 
animals stimulated in the far-lateral hypothalamic 
areas would both feed in the sated state and run the 
electrical barrier to press a lever for food. This 
evidence certainly indicates essential differences in 
behaviour produced by the mid-lateral (or perifornical) 
stimulation as opposed to far-lateral stimulation. 
Figs. 1 and 2 also indicate the areas in the far-lateral 
hypothalamus stimulated in the present experiments. 
Stimulations in the areas shown provoked feeding in 
sated animals regardless of whether or not the medial 
forebrain bundle was intact. 

Also in the present experiments we compared 
Grossman’s studies as to the effects of injecting 
adrenergic and cholinergic drugs into the dorsal and 
lateral perifornical areas with the effects seen after 
these same substances were injected into parts of the 
far-lateral hypothalamus. Selective feeding and 
drinking responses were obtained from the _peri- 
fornical areas, the adrenergic substances producing 
feeding in the sated state and the cholinergic sub- 
stances ‘pure’ drinking responses. In these animals 
(with injection needles in place), after section of the 
medial forebrain bundle anterior and posterior to the 
level of the ‘feeding centre’, no feeding or drinking 
responses could be evoked by injection of these 
drugs into the perifornical areas. In another group 
of animals injection of adrenergic and cholinergic 
drugs into the far-lateral hypothalamus produced 
somewhat different results. Adrenergic drugs did 





Fig. 2. 
anterior plane 4-9 with fibre systems indicated. 


Frontal section through the brain of the albino rat at 
Feeding and 
drinking responses designated as in Fig. 1. Notations for fibre 
systems and nuclei as in Fig. 1. 7H, thalamo-hypothalamic fibres 
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provoke feeding in the sated state, but no ‘pure’ 
drinking responses could be obtained with cholinergic 
substances. After section of the medial forebrain 
bundle in this far-lateral group, however, feeding 
responses in the sated state were still easily obtainable 
following injection of adrenergic materials. These 
feeding responses were obtained from the same areas 
of the far-lateral hypothalamus as those that 
responded to electrical stimulation (Figs. 1 and 2). 
It is clearly seen from these figures that the critical 
areas are directly in the dispersion fields of the pallido- 
fugal fibre systems (ansa lenticularis and lenticular 
fasciculus of Forel). 

It is concluded that the mid-lateral and perifornical 
portions of the lateral hypothalamus contain ‘hunger 
motivational’ systems important in food drives. 
Intactness of the medial forebrain bundle seems 
necessary for this system to function properly since 
this system can only be activated (by stimulation or 
drug injection) in sated animals to produce further 
eating (or drinking) if the medial forebrain bundle is 
intact. Oddly enough, stimulation farther laterally 
in the far-lateral hypothalamus will cause sated 
animals to feed even when the medial forebrain 
bundle is lesioned; on the other hand, certain learned 
food-seeking responses are not provoked by far- 
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lateral stimulation when the medial forebrain bundle 
is disjoined. KK thus that the far-lateral 
mechanism is the more ‘basic’ feeding system and is 
mostly dependent on activation of pallidofugal fibre 
trajectories having primary influences perhaps on 
neuro-metabolic regulations. The medical and peri- | 
fornical systems seem to be purely ‘motivational’ in 
nature, that is, are concerned only with the ‘urge’ 
of the animal to approach food and water. 
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By HANS G. BOMAN and INGVAR SVENSSON can 

Institute of Biochemistry, University of Uppsala ; I 
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rT HE enzymic reaction which incorporates amino- activity of these two enzymes in combination has sam 
| acids into soluble RNA has been so extensively been found to be up to twelve times as large as the enz; 
studied that only review references can be given sumoftheirseparate activities. This finding, together | the 


here!-*. The first step involves the formation of an 
enzyme-bound amino-acid adenylate compound. The 
second step is the transfer of the activated amino- 
acid to the 2’- or 3’-hydroxy] of the terminal adenosine 
residue in the soluble RNA. The overall reaction is 
summarized by the following formula: 


amino-acid, + adenosine triphosphate + soluble 
. enzyme, : : : 
RNA, = (amino-acid,)-RNA, + adenosine 
monophosphate + inorganic pyrophosphate (1) 


Most probably there is at least one specific acceptor 
RNA molecule and one specific enzyme for each 
amino-acid, and the same enzyme (‘the activating 
enzyme’) should be able to carry out the activation 
and the transfer to the soluble RNA. Purifications of 
more than a dozen activating enzymes from various 
sources have been reported!-*; but so far most of 
these preparations have not been obtained in a pure 
and homogeneous form. It may also be significant 
that these enzymes show very low figures for turn- 
over number when such calculations are possible for 
the overall reaction (1). 

In this article we are recording a few experi- 
ments which may contribute additional information 
about reaction (1). We have prepared two partially 
purified enzymes: the arginine activating enzyme 
from Escherichia coli* and the methionine activating 
enzyme from yeast®. The methionine incorporating 





with kinetic observations and metal ion effects, is as | 


taken as evidence for the existence of a new enzyme’ RN. 
connected with reaction (1). Ber; 
The RNA was prepared from bacteria by extraction | give 
of the whole cells with 90 per cent phenol followed by 
alcohol precipitation of the total RNA from the water } Table 


phase. The soluble RNA was extracted from the 
precipitate by cold M sodium chloride’ and further 
purified by precipitation with lanthanum nitrate’. Inc 





The lanthanum salt of soluble RNA was dissolved in} |!" 
0-5 M ethylenediamine tetraacetic acid of pH 47 

and finally dialysed against distilled water for 1 | P 
hr. The activity of the activating enzymes was | Argi 
measured as the ability to incorporate C-14 amino; | Sv 
acids into soluble RNA. The assay volume was} _ Meth 
either 0-5 or 0-2 ml. and the reaction mixture con) | A 
tained varying amounts of soluble RNA and activating} Meth 
enzyme, 0-11 mM C-14 L-amino-acid, 2 mM adenosine Po 
triphosphate, 2 mM glutathione, 4 mM magnesium ing 
chloride and 0-1 M tris-maleate buffer, all adjusted | r 
to pH 7-0. The reaction was terminated by precipita | | pH 4 
tion with 0-01 M lanthanum nitrate in 0-5 M perf | je 


chloric acid. Carrier RNA was added, the precipita) | 
was washed and the radioactivity determined with/ 
a windowless gas-flow counter as described in detail 
elsewhere’. 

During the study of the partially purified arginin 
activating enzyme, it was found to be gradually 
inactivated at 0° and pH 4:1. The time-dependene 
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Fig. 1. Denaturation of arginine activating enzyme at 0° and 


pH 4-1. Enzyme activity measured as C-14 arginine~-RNA formed 
in 15 min. at 37°. Assay volume 0-5 ml. with 4-3 ugm./ml. of 
enzyme and 4-0 mgm./ml. of soluble RNA. The activity is plotted 
on a logarithmic scale and is given in c.p.m. corrected for back- 
ground and the mean blank, but not for self absorption 


for this denaturation is shown in Fig. 1. The assay 
was performed with an enzyme concentration of 
4:3 ugm./ml. and a soluble RNA content of 4 mgm./ 
mi., conditions which make the enzyme rate-limiting 
for more than 15 min. Three blanks were used: one 
with enzyme heated to 70° for 10 min. gave 160 ¢.p.m., 
one with 0-02 M ethylenediamine tetraacetic acid 
pH 6-8 gave 150 e.p.m., and one with 0-002 M 
p-chloromercuribenzoate gave 165 c.p.m. The mean 
value of these blanks has been subtracted from the 
data given. Fig. 1 shows that about 25 per cent of 
the enzyme activity is stable at pH 4-1 and that the 
denaturation cannot be a single first-order reaction, 
but might be the sum of two such reactions. It has 
been checked that a partially denatured sample 
cannot be reactivated by standing at pH 7-0. 

Berg and his associates® have compared the incor- 
poration of methionine into EZ. coli soluble RNA 
when using methionine activating enzymes from the 
same source and from yeast. They found the bacterial 
enzyme to incorporate more than twice as much as 
the yeast enzyme. This result has been interpreted 
as a heterogeneity in the methionine accepting 
RNA*-*. We have used the working hypothesis that 
Berg’s observation could be related to the results 
given in Fig. 1 and that such systems might permit 


Table 1. RATE CONSTANTS AND SPECIFIC ACTIVITIES FOR THE ENZYME 


PREPARATIONS 





Incorporationin | ’ 
soluble RNA with | C-14 L-arginine C-14 L-methionine 














Enzyme | Rate in Rate in 
preparation le.p.m./min. Spec. act. |c.p.m./min.| Spec. act. 
Arginine activating | | 


enzyme from E£. 
coli 72°2 20-2 1-0 0-014 =| 
Methionine activ- 
ating enzyme 
from yeast 75 0-014 
Methionine activ- 
ating enzyme + | 
arginine activat- 
ing enzyme 94-4 -- 167 0-210 
Methionine activ- 
ating enzyme + | 
pH 4 treated } 
arginine activat- } | 
ing enzyme | — — 25°6 0-027 
=e | 


12:8 0-016 








The experiments with both enzymes in combination were performed 
with the same amount of the same enzyme preparations which were 
tested alone. The experiment in the last line was carried out with 
snother preparation of methionine activating enzyme with a specific 
activity of 0-028. The rate constants are derived from the initial 

pes of time-curves using 0-2 ml. assay volume. The specific activities 
are given in mumoles of amino-acid incorporated at 27° (in an excess of 
soluble RNA) per min, and per mgm. of protein. 
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the assay of different enzymes involved in the trans- 
ferring of the same amino-acid to the soluble RNA. 
An attempt was thus made to purify the arginine 
activating enzyme from yeast (Saccharomyces cere- 
visiae C836) and it was found that the preparation 
AS-1 of the methionine activating enzyme described 
by Berg* was a potent source of enzyme for the incor- 
poration of both arginine and methionine as seen from 
Table 1. It can also be seen that the two enzyme 
preparations have almost the same specific activity 
for the methionine incorporation, but that in com- 
bination they have about 13 times higher specific 
activity. 

The effect of the combined enzyme preparations 
has been further examined in kinetic experiments of 
various types. Fig. 2 shows two parallel experiments 
when arginine activating enzyme was added to a 
reaction with methionine activating enzyme. The 
result is a significant increase in the formation of 
methionine-RNA, while the control experiment with 
arginine activating enzyme shows only a minor incor- 
poration. The addition of more methionine activating 
enzyme after 60 min. does also give an increased 
formation of methionine-RNA indicating that soluble 
RNA does not become rate-limiting during the 
experiment. One of the experiments in Fig. 2 was 
carried out with C-14-methyl labelled t-methionine 
(represented by circles) the other with C-14-(C2) 
labelled DL-methionine (represented by squares); both 
obtained from California Corporation for Biochemical 
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Fig. 2. Two paraliel kinetic experiments at 27° with 1-24 mgm./ml. 
of methionine activating enzyme and 3-1 mgm./ml. of soluble 
RNA. Arginine activating enzyme (final conc. 0-17 mgm./ml.) 
was added to the reaction mixture after 60 min. Aliquots of 
0-2 ml. were withdrawn at various times and assayed for C-14 
methionine-RNA. Circles represent L-methionine with methyl- 
C-14, squares DL-methionine with (C2)-C-14. The crosses repre- 
sent an experiment with 0-098 mgm./ml. of arginine activating 
enzyme, 2°6 mgm./ml. of soluble RNA and L-methionine with 
methyl-C-14 
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Fig. 3. Kinetic experiment at 27° showing the formation of 


methionine-RNA using 0-75 mgm./ml. of methionine activating 
enzyme (curve A) and using 68 w~gm./ml. of arginine activating 
enzyme (curve B), After 40 min. was added to the latter reaction 
mixture methionine activating enzyme to a final concentration of 
0-75 mgm./ml. (curve C). The concentration of soluble RNA 
was 4-5 mgm./ml. for curves A and B, 4-1 mgm./ml. for curve C. 
Assay volume 0-2 ml. The activity is given in c.p.m. and corrected 
only for background 


Research, Los Angeles, 63. The agreement between 
the two experiments rules out a transmethylation 
reaction. 

Both the enzyme preparations were stored at 
— 18° C. with 50 per cent ethylene glycol as anti- 


freeze. In these conditions, the arginine activating 
enzyme has been stable for 7 months, while the 


methionine activating enzyme gradually has become 
less active. Fig. 3 shows the time-curves for the 
formation of methionine-RNA using a somewhat 
inactivated preparation of methionine activating 
enzyme (curve A) and a normal preparation of 
arginine activating enzyme (curve B). After 40 min. 
the same amount of the same preparation of 
methionine activating enzyme was added to the 
latter reaction mixture as was used for curve A. The 
suddenly increased formation of methionine-RNA 
obtained by the combined enzymes (curve C) corre- 
sponds to about a nine-fold increase in_ specific 
activity. 

Most enzymic reactions are characterized by the 
fact that the enzyme concentration is rate-limiting 
in the beginning, while the substrate concentration 
becomes limiting towards the end of the reaction. 
Curves corresponding to this type of kinetics are also 
found for the formation of arginine~RNA using the 
arginine activating enzyme and for the formation of 
methionine-RNA using both the arginine and the 
methionine activating enzymes together. However, 
the curve obtained with the methionine activating 
enzyme alone is approximately logarithmic with time 
(as in Fig. 2) and similar curves are obtained also 
with arginine activating enzyme which has been 
kept at 0° and pH 4-1 for 80 min. Such logarithmic 
curves may be expected when a rate-limiting com- 
ponent is disappearing in a first-order reaction. 

Some factors which could be expected to influence 
the rate or the equilibrium position of reaction (1) 
have been tested for their possible effects. Both 
the enzyme fractions have been pre-incubated at 
27° for 80 min. without any detectable change of 
activity. The addition of crystalline pyrophos- 


phatase’® and purified venom 5’-nucleotidase™ had 
no 


influence on the course of the reaction. An 
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instability of one of the enzyme fractions or a trapping 
of the reaction products can thus be eliminated as 
interpretations. 

However, it was found that in the presence of 
magnesium, the addition of calcium, cobalt or 
manganese ions has a pronounced stinulating effect 
on the methionine activating enzyme preparation, 
but a slight inhibitory action on the preparation of 
arginine activating enzyme. On the other hand, the 
addition of ashed preparations of the respective 
enzymes had scarcely any effect on the reaction. Thus 
the sudden increase in the formation of methionine- 
RNA observed with both enzymes together (Figs. 
2 and 3) cannot be a metal-ion effect. 

All the results reported here could be explained 
by the following hypothesis, which is based on two 
assumptions. (a) The activating enzyme is con- 
sumed during the course of the reaction (1). It 
could be that the reaction produces a chemical change 
in the enzyme or that ‘the enzyme-substrate com- 
pound’ formed is not split into ‘product and enzyme’, 
The methods used do not distinguish between these | 
alternatives, but both may be expected to give } 
logarithmic time-dependences. (b) A second enzyme 
exists which is capable of regenerating the methionine, 
as well as the arginine activating enzyme. This 
‘regenerating enzyme’ is present in an excess in the 
arginine activating enzyme preparation, which cannot 
be regarded as highly purified despite its high specific 
activity (see Table 1). The methionine activating 
enzyme was purified about fifty-fold®, but has pro- 
bably been freed of the ‘regenerating enzyme’, which 
explains both its relatively low specific activity and 
the stimulation by the arginine activating enzyme 
(Table 1). 

The ‘regenerating enzyme’ may have its maximum 
activity with magnesium ions, which explains the 
general agreement!-* about the requirement for this 
metal ion. We have determined that the arginine 
activating enzyme has its maximum activity with § 
0-01 M magnesium but that about 50 per cent 
activity is obtained with manganese. The alanine 
activating enzyme from pig liver cytoplasm requires 
cobalt!?, and the tyrosine activating enzyme from rat 
liver has recently been shown to require potassium". 
Other activating enzymes may show optimum 
activity with other metal ions such as calcium, iron 
and manganese, all of which are known to be present | 
in RNA preparations'*, but which are removed by 
our treatment with ethylenediamine tetraacetic acid. | 
Preliminary experiments have indicated that besides 
methionine this would be the case with the enzyme 
for phenylalanine. 

The difference between the methionine activating | 
enzymes from yeast and from bacteria observed by 
Berg et al.* can thus be explained by assuming that j 
their preparation of the bacterial enzyme contains the 
‘regenerating enzyme’ and that this is absent in the | 
preparation of the yeast enzyme. Zillig e¢ al.'® have} 
reported that the amount of leueyI-RNA which ca} 
be formed by their ‘pH 4 enzyme’ is directly propor: | 
tional to the amount of enzyme used, and suggest/ 
that the normal reaction product is a complex o 
amino acyl soluble RNA and enzyme. Our interpre} 
tation would be that the ‘regenerating enzyme’ #| 
denatured by the pH 4-5 precipitation used by these | 
authors, as well as in our pH 4-1 experiments wit] 
the arginine activating enzyme (Fig. 1 and Table |} 
Such a denaturation would explain why enzym 
preparations subject to the acid treatment show tht 
anomalous dependence on enzyme observed. 
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In conclusion, we feel that our results are in agree- 
ment with the previous findings of Berg’s and Zillig’s 
groups, and that together with our own data they 
support the hypothesis of the existence of a ‘regenerat- 
ing enzyme’ coupled to the activating enzymes which 
catalyse reaction (1). Such a coupling could be a 
powerful control mechanism, but speculations about 
its possible function in vivo may await further experi- 
mental data. It is a consequence of our hypothesis 
that in the presence of soluble RNA reliable measure- 
ments with activating enzymes cannot be performed 
without an excess of ‘regenerating enzyme’. 

This work has been supported by Grant No. 
RG-7576 from the U.S. Public Health Service. 

Note added in proof. Dr. Paul Berg has kindly 
informed us that soluble RNA from bacteria can be 
obtained in a form in which a fraction of the chains 
lacks the adenosine end-group. Consequently the 
effect of the arginine activating enzyme preparation 
could be due to incorporation of adenosine mono- 
phosphate, which would increase the number of 
acceptor sites for methionine. However, pre- 
incubation of our soluble RNA with the arginine- 


PHOTOPHOSPHORYLATION 


HE rate of the Hill reaction has been reported 
to be stimulated strongly by concomitant photo- 
phosphorylation, that is, by synthesis of adenosine 
triphosphate (ATP) from adenosine diphosphate 
(ADP) and orthophosphate!-*. Warburg et al. have 
pointed out that this stimulation of the rate of photo- 
reduction is an effect of pH, but the warning appears 
to have gone unheeded. Most recently, for example, 
Good* has used such a stimulation to distinguish 
between phosphorylating and non-phosphorylating 
electron transport; he suggests that the latter should 
be subtracted from the former to obtain the true 
ratio of micromoles ATP formed to electron pairs 
transferred (P/2e ratio), and concludes that this value 
is 2. Good cites a similar value of 2 reported by 
Krogmann and Vennesland’ for the stoichiometry of 
oxidative photophosphorylation. We must point 
out, however, that the assumptions underlying the 
latter calculation are quite different from those made 
by Good, and may or may not be correct. At the 
same time, our own work on the dependence on pH of 
the Hill reaction leads us to the conclusion that 
Warburg is correct in attributing rate stimulation 
by associated phosphorylation to effects of pH. 
Punnett® has noted that freshly prepared chloro- 
plasts photoreduce ferricyanide most rapidly at a 
rather alkaline pH. With spinach chloroplasts 
freshly prepared in 0-35 M sodium chloride, the pH 
optimum we observe is generally greater than pH 8. 
The rates at the maximum, in saturating light, range 
up to 600 umoles per mgm. chlorophyll per hr. at 
15° C., and may be as much as four times faster than 
the rates measured at pH 7 with the same chloroplast 
preparations. Fig. 1 shows the dependence on pH of 
photoreduction and photophosphorylation in 0-05 M 
tris(hydroxymethyl)aminomethane buffer, where the 
abscissa represents the initial pH of the reagents 
employed. Reactions were carried out in 25-ml. 
conical flasks incubated at 15° C. with air as the gas 
phase. Each vessel contained in micromoles: 
tris(hydroxymethyl)aminomethane, 100; potassium 
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activating enzyme preparation and adenosine tri- 

phosphate has failed to demonstrate any increase in 

the number of acceptor sites for methionine. 
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AND THE HILL REACTION 


ferricyanide, 10; magnesium chloride, 10; and, where 
indicated, potassium phosphate and adenosine diphos- 
phate, 3-4 in a final volume of 2-0 ml. Tris, phos- 
phate, and adenosine diphosphate solutions were 
adjusted to the indicated pH with the use of hydro- 
chloric acid and sodium hydroxide and a Leeds and 
Northrup pH meter. Chloroplasts, freshly prepared 
in 0-35 M sodium chloride and used without prior 
washing, containing 113 ugm. of chlorophyll were 
added to the vessels at zero time. The reactions were 
initiated and terminated by turning the light on and 
off; illumination was from below for 4 min., with 
shaking, and with white light of about 5,000 ft.- 
candles. Reaction mixtures were deproteinized by 
adding 0-50 ml. of 20 per cent (w/v) trichloracetic 
acid and centrifuging. Residual ferricyanide was 
determined on an aliquot of the supernatant by direct 
reading at 400 my in the Beckman B spectrophoto- 
meter. Residual orthosphosphate was determined 
on a separate aliquot by the method of Fiske and 
Subbarow®; the reduced phosphomolybdate complex 
was read in a Lumetron colorimeter with a 650-mu 
filter, after centrifuging to remove the precipitate of 
ferrocyanide—molybdate. Chlorophyll was determ- 
ined by Arnon’s method?®, 

The upper curves represent ferricyanide photo- 
reduction in the presence of ADP and orthophosphate 
(solid circles) and in the absence of both ADP and 
orthophosphate (open circles). The largest effect of 
these reagents (20 per cent stimulation) is seen at the 
lowest pH. This effect diminishes as the initial pH 
approaches the pK of the buffer (8-2), and it could be 
enhanced by the use of lower buffer concentrations. 
This behaviour can be accounted for on the basis of 
the formation of hydrogen ions during ferricyanide 
photoreduction (equation 1) and the consumption 
of hydrogen ions during the synthesis of ATP 
(equation 2): 


2Fe(CN)3- + H,O — 2H+ + 2Fe(CN)i- + 40, 
ADP*- + HPO?- + H+ — ATP*- + H,0 


(1) 
(2) 
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Fig. 1. Dependence on pH of ferricyanide photoreduction and 


phosphate uptake by spinach chloroplasts in the presence and 
absence of a phosphorylation system 


The lower curve of Fig. 1 shows the rate of phosphate 
consumption accompanying ferricyanide photoreduc- 
tion in the presence of ADP and phosphate. It should 
be noted that the rate of phosphorylation here is 
proportional to the rate of ferricyanide reduction 
and that the P/2e ratio is about 0-8 throughout the 
pH range. If we were to apply the correction 
suggested by Good® for non-phosphorylating electron 
transport in the calculation of the P/2e ratio, values 
for the latter in this experiment would range from 
four to infinity. 

The reaction conditions detailed in Fig. 1 have been 
employed extensively in our laboratory for the study 
of the stoichiometry of the Hill reaction and associ- 
ated photophosphorylation. An examination of 
published results from other laboratories‘ shows that 
very large stimulations of ferricyanide photoreduction 
by ADP have been obtained with rather different 
reaction mixtures which contain ATP, higher con- 
centrations of phosphate and lower concentrations 
of chlorophyll and ferricyanide, assayed with shorter 
illumination periods. Table 1 shows that we can 
also obtain a stimulation of the Hill reaction-rate 
under these conditions, even in well-buffered systems. 
The correct interpretation of the nucleotide effects 
shown in Table 1 is not entirely clear, and would 
seem to require further investigation. But from 
numerous experiments such as that illustrated in 
Fig. 1, it is clear that the addition of ADP and 
orthophosphate to adequately buffered chloroplast 
suspensions can elicit a good rate of photophos- 


Table 1. Errect oF ADP aNnpD ATP ON FERRICYANIDE PHOTO- 
REDUCTION BY SPINACH CHLOROPLASTS 
The reaction mixture contained in swmoles: (fris(hydroxymethyl)- 


aminomethane, 82; potassium phosphate, 68; potassium ferricyanide, 
2; magnesium chloride, 10; sodium chloride, 70; in a final volume 
of 3-0 ml., at pH 7-8, and chloroplasts containing 74 «gm. chlorophyll. 
Illumination was for 2 min.; other conditions and assay as described 
for the experiment in Fig. 1 
Ferricyanide photoreduction 
Additions (amoles per mgm. chloro- 
phyll per hr.) 

None 
1 amole ADP 
0-5 umole ATP 72 
1 amole ADP + 0:5 »mole ATP 3 
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phorylation without appreciable stimulation of the 


rate of ferricyanide photoreduction. Thus we are 
in agreement with Warburg’s conclusion, namely, 
that photophosphorylation can occur as a result of 
the Hill reaction, but that the rate of the latter is 
independent of the ATP synthesis which may or 
may not accompany it. 

This work was supported by a research grant from 
the U.S. National Science Foundation. 
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THE following considerations compel me to reject 
the pH theory: 

(1) There is always much less formation of hydrogen 
ion associated with the reduction of flavins than | 
with the reduction of ferricyanide. When flavins 
function catalytically in the reduction of oxygen, as 
in my usual test system, there is no hydrogen ion 
formation at all. Nevertheless, I find that the reduc- 
tion of flavin mononucleotide is stimulated to the 
same extent as the reduction of ferricyanide by the 
presence of the phosphorylating system. 

(2) The acid consumed in the phosphorylation of ) 
adenosine diphosphate reappears when the resulting 
adenosine triphosphate is used in the synthesis of | 
glucose-6-phosphate. Yet the stimulation of ferri- 
cyanide and flavin reduction which is associated with 
the phosphorylation is independent of the presence or 
absence of hexokinase and glucose. 

(3) Chloroplasts stored below pH 7-0 rapidly lose 
all ability to respond to the components of the / 
phosphorylating system. These aged chloroplasts 
continue for a long time to reduce ferricyanide in the 
absence of the phosphorylating system at the same 
rate as freshly prepared chloroplasts. Consequently, 
the phosphorylating and non-phosphorylating elee- 
tron transport systems must differ in at least one 
labile reaction step. This fact precludes the possi- 
bility that the rate-stimulation observed during 
phosphorylation represents the effect of improved 
conditions, pH or other, on a single process. 

(4) The evidence presented by Stiller and Vennes- 
land in support of Warburg’s pH hypothesis contre- 
dicts the experience of most workers. I have carefully | 
considered buffering problems and have established | 
satisfactory buffer-levels by exhaustive experi 
mentation without encountering phenomena of the} 
kind described by the Chicago group. I believe that | 
the high rates they attribute to “adequate buffering 
are, in fact, an expression of the hitherto unrecog- 
nized uncoupling effect of high concentrations 0 
salts. This effect of salts on chloroplasts will & 
documented in detail elsewhere. Chloroplasts I have 
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used exhibit the familiar pattern of behaviour regard- 
less of the alkalinity and the concentration of the 
buffer when they are suspended in media low in 
ions; the complete phosphorylating system always 
causes large increases in the rate of ferricyanide 
reduction and there is always a quantitative relation- 
ship between the increase of rate and the amount of 
adenosine triphosphate formed. On the other hand, 
these same chloroplasts in 0-35 M sodium chloride are 
similar to, but not identical with, the Stiller-Vennes- 
land chloroplasts. The condition described by Stiller 
and Vennesland, phosphorylation without stimula- 
tion, would be kinetically reasonable if their chloro- 
plasts were both partially uncoupled and partially 
inhibited (as mine seem to be in 0-35 M sodium 
chloride). Thus the uncoupling might be sufficient 
to allow rates to rise to the maximum of a partially 
inhibited process which would then become rate- 
limiting. Yet this amount of uncoupling might still 
permit considerable phosphorylation; hence there is 
phosphorylation but no increase in the rate of electron 
transfer. However, the effects of salts on chloro- 
plasts are very complex, with many as yet unexplored 
ionic interactions. Consequently there is little point 
in attempting a detailed interpretation of the Stiller— 
Vennesland observations at present. 

N. E. Goop 
Pesticide Research Institute, 
University sub-Post Office, 

London, Ontario. 


Stiller and Vennesland (first communication) 
present a timely warning with respect to the inter- 
pretation of experiments measuring the rate of the 
Hill reaction when ferricyanide or other redox dyes 
are reduced. I agree that the pH of the reaction 
mixture can fall during the course of the reaction if 
insufficient buffer is present; and further that a 
concomitant phosphorylation of ADP will prevent 
this fall. My measurements also show a fairly sharp 
optimum at about pH 8; thus a downward drift in 
pH would cause a lower rate of dye reduction or of 
oxygen evolution. 

It is another question, however, whether or not 
this sort of artefact is actually responsible for 
previously reported phenomena!-*; and whether in 
the complete absence of a drift of pH the rate of the 
Hill reaction is stimulated due to an accompanying 
phosphorylation reaction. 

In our first account of stimulation of rate by adding 
ADP, magnesium and orthophosphate!, which con- 
firmed the earlier observation of Arnon et al.*; and 
also in our published work since then*,*, the reactions 
were run at room temperature, in 3 ml. total volume 
containing either 0-030 or 0-040 mgm. of chlorophyll, 
40 umoles of tris buffer at pH 8, 70 umoles of sodium 
chloride and 1-5 umoles of ferricyanide. (Unfortun- 
ately the original tables (ref. 1) omitted mention of 
the tris; its presence was indicated only indirectly 
by reference to earlier papers.) The illumination 
period was 2 min., so that initial rates only have been 
measured. The control reactions, to which no other 
reagents were added, reduced at most one-third of 
the ferricyanide present, or 0-5 umole. It seems quite 
wlikely that the equivalent amount of hydrogen 
ions generated could have lowered the pH significantly 
in the presence of 40 umoles of tris at pH 8. A re- 
check of the same reaction conditions shows at most 
4 pH fall of 0-1 unit in the control reactions. This 
could not be enough to account for more than a minor 
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share of the difference in rate between the phosphoryl- 
ating and non-phosphorylating reactions. 
I have re-examined the rate of ferricyanide reduc- 
tion as a function of pH, using 150 umoles of tris 
buffer in 3 ml. volume as suggested by Stiller and 
Vennesland, in order to eliminate any possible drift 
of pH. The pH’s of the reaction mixtures were all 
measured after illumination ended as a further 
precaution against undetected drifting. The results 
shown in Fig. 1 are from a typical experiment out 
of five repetitions. All points represent the average of 
duplicate samples, containing, in 3 ml. total volume, 
0-040 mgm. of chlorophyll, 70 umoles of sodium 
chloride, 150 umoles of tris at an appropriate pH and 
1-5 umoles of potassium ferricyanide. Where indi- 
sated to be present, there were 30 umoles of phosphate 
adjusted to the same pH as that of the tris, 10 umoles 
of magnesium chloride, 0-2 umole of ATP or 1-5 
umoles of ADP. The reaction mixtures were illumin- 
ated in small test-tubes for 2 min. at room tempera- 
ture, at 5,000 ft.-candles (the source was an incandes- 
cent lamp with 5 cm. of water filter between the lamp 
and the reactions). The pH’s shown were those of 
the reaction mixtures, determined on each sample 
after the reaction was ended. Following this, the 
mixtures were killed by adding 0-3 ml. of 20 per cent 
trichloracetic acid, the proteins removed by centri- 
fugation, and optical density of the supernatant 
solution measured at 420 my in a Beckman spectro- 
photometer. The ferricyanide reduced was measured 
as the change in optical density from that of zero- 
time control, and no appreciable change could be seen 
without illumination. The chloroplasts were pre- 
pared by grinding spinach leaves in a buffer containing 
0-40 M sucrose, 0-02 M tris buffer and 0-01 M sodium 
chloride at pH 8-0. They were centrifuged once, 
resuspended in 0-40 M_ sucrose/0-:03 M sodium 
chloride, and used without washing. The entire pH 
series was accomplished within an hour and a half 
after grinding the leaves, the higher pH’s being 
measured first. 
The results show that reactions with and without 
a simultaneous phosphorylation have a_ similar 
response to pH; but at any one pH the rate is usually 
doubled owing to addition of ADP. As before’, 
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ATP at low concentrations has an inhibitory effect, 
so that if ATP, magnesium ions and orthophosphate 
serve as a control, the rate may be tripled owing to 
addition of ADP. These results correspond to those 
of Table 1 in the communication by Stiller and 
Vennesland. Although I agree that the interpretation 
of these results is not clear if they stand alone, we 
have previously! presented results from various 
other types of experiments, all of which supported 
the concept that the actual process of simultaneous 
phosphorylation was responsible for the observed 
increase of rate. 

It was recently discovered that the rate of reduction 
of triphosphopyridine nucleotide (TPN) is stimulated 
by adding all three reagents required for phosphoryl- 
ation (ref. 5, and San Pietro and Keister, in prepara- 
tion). Although the extent of such stimulation may 
be four-fold, or even more, a pH drift of no more than 
0-03 unit can be seen under the reaction conditions 
used (San Pietro and Keister, personal communica- 
tion). Furthermore, the pH response for reduction of 
TPN appears to be considerably less steep than that 
for ferricyanide reduction. 

In view of all these results, I must take exception 
to the generalization implicit in the statement of 
Stiller and Vennesland attributing “‘*. . . rate stimula- 
tion by associated phosphorylation to effects of pH”’. 
The statement obviously cannot apply to the results 
obtained under the conditions of my Fig. 1, or of 
Table 1 of Stiller and Vennesland. This interpreta- 
tion of stimulation of rate has a chance of being 
significant only when the Hill reaction is allowed to 
proceed for longer periods of time, generating major 
amounts of hydrogen ions (as is usual when mano- 
metric procedures are used, for example). It should 
be noticed that in Fig. 1 of Stiller and Vennesland 
the 4-min. reaction period with a fairly high chloro- 
phyll-level leads to the generation of approxim- 
ately 4 umoles of hydrogen ions, rather than the 0-5 
umole or less under my conditions. 

It is always possible that under differing conditions 
a particular phenomenon may not appear. Using 


BIOLOGY OF REPRODUCTION IN RUBUS 


By Da. G. J. 
Department of Biological Sciences, Wye College, nr. Ashford, Kent 


POMIXIS has, in the past, been frequently 

defined to include diverse types of vegetative 
reproduction such as bulbil formation and vegetative 
proliferation’. In this account the use of the term 
is restricted to embryo formation from a cell which 
has not undergone meiosis and has not been fertilized. 
It is usually assumed that many polyploid species of 
Rubus reproduce either by facultative or obligate 
apomixis. Thus R. laciniatus (2n = 4x = 28) is 
believed to be an example of a facultative apomict 
while R. caesius (2n = 28) is reported as being 
entirely apomictic. In Rubus, unreduced egg cells 
have been considered to be aposporic in origin, and it 
was assumed that embryos develop without fertiliza- 
tion. Development of embryos is, however, dependent 
on pollination which, presumably, is necessary for 
fertilization of the endosperm (unreduced pseudo- 
gamy). The results presented here show that the 
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the reaction conditions as described by Stiller and 
Vennesland for their Fig. 1, I have confirmed their 
observation that the Hill reaction-rate is unchanged 
(or shows no more than a 5-10 per cent stimulation) 
due to a simultaneous phosphorylation. I have 
found that one condition contributing significantly j 
to the smaller effect is the low concentration of phos- 
phate employed (1-67 x 10-* AZ) compared with that 
needed for a maximal rate of phosphorylation’®. It 
seems to me reasonable that in a complex system with 
a very significant basal level at all times, close to 
optimal conditions will be required for the induced 
reactions to become apparent. The possible role of 
other factors in diminishing the rate-stimulation by 
ADP, magnesium ions and orthophosphate is at 
present under investigation. 


As Stiller and Vennesland point out, the variations r 
possible in relative rates between phosphorylating n 
and non-phosphorylating reactions make the calcula- tl 
tion of the P/2e ratio after subtracting the basal rate 
an extremely questionable operation. It seems to me be 
that this same demonstrable variation also invalidates S} 
the generalization implicit in the statement of Stiller A 
and Vennesland, ‘...that photophosphorylation nt 
can occur as a result of the Hill reaction, but that the ar 
rate of the latter is independent of ATP synthesis ce 
which may or may not accompany it”. nu 

Work reported here was supported by grant ap 
RG 3923 from the National Institutes of Health. we 
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breeding behaviour of tetraploid Rubus species does 
not follow this accepted pattern, but that embryos 
develop from haploid embryo-sacs arising by 4 
normal meiotic sequence from megaspore mother! sexy 
cells. forme 

Three tetraploid species, R. caesius, calvatus and | egg ce 
laciniatus, have been investigated and in all three} redue, 
species meiosis was normal and embryo-sac formation | report 
followed the Polygonum type of development Sinc 
Development has been studied in particular detail in | were , 
R. caesius since this species has been stated to be an | tetrap! 


obligate apomict*. All stages of meiosis have be® | progen 
found in the megaspore mother cell and at MI ther; The 
were 14 bivalents. Subsequent chromosome separ | regtity 






tion was normal and a young tetrad was seen regi: ‘fusion 
autom. 


larly. All stages in the development of the embryo 
sac have been observed with the exception of th 
third embryo-sac division. There was no evidence 0 
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Table 1. CHROMOSOME NUMBERS IN PROGENIES OF SEEDLINGS FROM 
. laciniatus 





No. of seedlings 




















\2n= |2n= |2n= | 2n=|2n= 2n= | 2n= | 2n= | 2n= 
14 | 21 | 25 | 27 | 28 | 29 | 80 | 35 | 42 | 
R. laciniatus | | | | 
> x | 
ort 3 /10 | 1 5 1/3 
Sts | 6 9 6 
4x 3 } | | 13 | | 
Self 1 1/21 | 1 | | 4 
5a ¢ 4 | 
6r 3 | 2 | 
7z 3 | |} 2 — 
-" 2{/16/1/|1 {57 /1/1/]9[ 2 | 





* x R. ulmifolius; t x R. tomentosus. 


restitution and embryo-sacs, where counts could be 
made, had a haploid chromosome number. Thus 
there was no evidence of apospory. 

Chromosome numbers of progeny from crosses 
between these three tetraploid species and other 
species of different ploidy have been determined. 
As an example of the variation found in chromosome 
numbers counts from crosses involving R. laciniatus 
are shown in Table 1. It will be seen that 62-3 per 
cent of the seedlings had the same chromosome 
number as the maternal species. The phenotypic 
appearance of these plants made it clear that they 
were identical to R. laciniatus. However, from the 
embryological evidence it is now known that they 
cannot be apomictic, since no unreduced embryo- 
sacs were formed. 

In addition to these maternal-like seedlings there 
were both reduced and unreduced sexual seedlings, 
as shown by the plants having 21 and 35 chromosomes 
in families derived from diploid male parents. The 
former are considered to have been derived from 
fertilized reduced egg cells; the latter from reduced 
egg cells which, before fertilization, have become 
diploidized in the way described here. Plants with 
21 chromosomes could be distinguished readily 
from those with 35 on phenotypic characters. The 
laciniatus leaf character is phenotypically recessive 
in the triploid and relatively more dominant in the 
pentaploid, where the proportion of laciniatus chromo- 
somes is higher. The high frequency of plants with 
35 chromosomes was unexpected and this class has 
not been reported previously. Relatively few seed- 
lings with chromosome numbers different from R. 
laciniatus were formed in families derived from 
parents of higher ploidy. The two haploid seedlings 
with 14 chromosomes form a fourth class of progeny. 
These were derived directly from reduced egg cells. 
In addition, there were four aneuploids in the 91 
seedlings examined. uae 

The origins of two classes of progeny, the triploid 
sexuals and haploids, present no difficulty since the 
former are simply the products of reduced, fertilized 
egg cells while the latter have been developed from 
reduced unfertilized egg cells. Both classes have been 
reported previously and will not be considered further. 

Since all megaspore mother cells in this material 
were seen to undergo meiosis, the production of 
tetraploid maternal-like and of pentaploid sexual 
progeny requires more careful consideration. 

The former could arise in one of two ways: either 
restitution at the first division of the egg cell or 
‘fusion’ of the nuclei within the embryo-sac, that is, 
automixis, must occur. Evidence of diploid partheno- 
genesis is found in Petunia nyctaginiflora’. This 
species, when pollinated with either Salpiglossis 
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variabilis or Nicotiana tabacum, produces only homo- 
zygous Petunia nyctaginiflora seedlings. These are 
formed as a result of diploidization by restitution in 
the egg cell. Previous workers have suggested that 
automixis was a reproductive mechanism found in 
Rubus, although it has usually been considered to 
be of little general significance’. In the present 
material it was impossible to establish the method 
whereby doubling of haploid nuclei in the embryo-sac 
occurred. Since the genetic consequences of the two 
possible methods suggested above are the same, the 
critical establishment of the method of doubling is 
of minor significance. 

Pentaploid sexual progeny must arise from egg 
cells which have undergone meiosis, become diploid- 
ized and later fertilized. 

A further class of progeny which has been termed 
sub-sexual has been described by previous workers'*:’. 
Phenotypically these are plants similar to the 
maternal species, have the same chromosome number, 
but are not genetically identical to it. Sub-sexual 
progeny are assumed to arise from diplosporic egg 
cells, which are themselves derived from megaspore 
mother cells in which a normal meiotic prophase is 
followed by restitution. Such egg cells have under- 
gone genetic crossing over, but retain the somatic 
chromosome number. There is no cytological evidence 
for the occurrence of such a process in the tetraploid 
Rubus species studied. 

One of the genetical implications of the reproductive 
mechanism now put forward is that the tetraploid 
species concerned are homozygous. However, since 
they are almost certainly amphi-diploids, as shown 
by their cytological behaviour during meiosis, there 
will be homozygosity only between the chromosomes 
of each of the two complexes which together make 
up the tetraploid. They will be heterozygous as a 
result of differences between the two complexes. 
Crossing-over, though it occurs, will not result in 
segregation, and diploidization either in the egg cell 
or as @ result of automixis will immediately restore 
the full chromosome complement of the female 
parents. The sub-sexual plants might then arise from 
occasional allosyndetic pairing and crossing-over 
between the chromosomes of the two different 
complexes. 

It has been shown before that the proportion of 
sexual progeny produced by a supposed apomict 
may differ with different pollinating parents. Further, 
it has been shown that species which in particular 
circumstances are sexual are, in different circum- 
stances, also apomictic’. Thus R. vitifolius, when 
pollinated with diploid R. idaeus, gives only sexual 
progeny, whereas the same species when pollinated 
with the tetraploid form of R. idaeus gives both sexual 
and ‘apomictic’ seedlings. The breeding of this 
species is most easily explained on the basis that 
only one type of embryo-sac is formed, that is, sexual, 
and the subsequent development varies according to 
the pollinating parent used. If both sexual and 
apomictic seedlings were produced, it is difficult to 
understand why, in the cross involving diploid R. 
idaeus, apomictie progeny are not produced. These 
results also suggest that diploidization occurs at the 
first division of the egg, rather than as a result of 
automixis since, if the latter mechanism occurred, 
maternal-like seedlings would be expected from the 
cross using diploid R. idaeus. 

Much of the evidence for apomixis in Rubus has 
been derived from chromosome counts®. The chromo- 
some counts of apomictic seedlings will be identical 
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to those of the maternal species from which they 
Many of the counts cited involve self and 


arose. 
open pollinations. Since sexual seedlings derived 
from such crosses may also retain the maternal 


chromosome number, they are, however, inadmissible. 
Nevertheless, pollinations between parents of widely 
different ploidy do frequently produce a high propor- 
tion of maternal-like seedlings. In crosses between 
tetraploid female parents and various male parents, 
Einset found that the number of reduced partheno- 
genetic seedlings (43) was almost as great as the total 
number of sexual seedlings (46) and higher than might 
be expected when compared with the number of 
supposed apomictic tetraploids (592). These relative 
frequencies suggest that reduced embryo-sacs are 
of much greater significance than hitherto realized. 
Two other recent accounts of reproductive mechan- 
isms in Rubus are relevant to the present work. 
Christen found evidence in R. caesius that only sexual 
embryo-sacs are formed’®. Similarly, Markarian and 
Olmo suggested that there was no evidence for the 
formation of aposporic embryo-sacs in another 
‘apomict’, R. procurus4. It was assumed by these 
workers that the form of the species studied must 
have been atypical of the species generally, or that 
the aposporic stages of embryo-sac formation had 
been missed. Neither of these possibilities is true of 
the present work. Clones of R. caesius from England, 
Finland and Poland have now been examined and 
in all only reduced sexual egg cells were formed. 
Also, the frequency with which the sexual stages of 


development were seen makes it impossible to 
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consider that the development of aposporic embryo. | 
sacs has been overlooked. 

The high proportion of seedlings with 35 chromo. 
somes, which, as shown here, were derived from 
pollination of R. laciniatus with diploid male species 
gives still further evidence against an apomictic 
mechanism. Fertilization of aposporic egg 
would be unlikely to occur if apomixis, as is generally 
supposed, enables a species, which would become | 
extinet under a sexual system, to reproduce itself. 

The evidence not only from this study but also 
from previous work suggests, therefore, that apomixis 
in its commonly accepted sense, is not an important 
reproductive mechanism in tetraploid forms of Rubus. , 
The production of maternal-like progeny, though 
superficially simulating apomixis, depends solely on 
the formation of reduced egg cells. 

Much of this work was carried out at the John 
Innes Institute, and I am particularly grateful for 
the stimulating guidance of Mr. Watkin Williams 
and for the technical assistance of Miss P. Dow. 


cells 
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FROM HIGHER PLANTS 
By Dr. WALTER D. BONNER, jun., and DINOR O. VOSS 


Eldridge Reeves Johnson Foundation for Medical 


ITH the exception of one brief note! there are 

no instances in the literature showing control 
of respiratory activity in mitochondria isolated from 
higher plants. The purpose of this article is to 
show some of the characteristics of higher plant 
mitochondria that do such respiratory 
control. 

There are instances on record (cf. ref. 2) which 
show a modest increase in plant mitochondrial oxida- 
tive activity (up to twice) in the presence of adenosine 
diphosphate. It is possible to obtain mitochondria 
which show no utilization of oxygen following addition 
of substrate (succinate) but which are maximally 
active following addition of a minute amount of 
adenosine diphosphate. The increase in rate of 
utilization of oxygen following addition of adenosine 
diphosphate is usually about ten times. In such 
instances (Fig. 1) the utilization of oxygen does not 
decrease on exhaustion of adenosine diphosphate, and 
there is a curious induction period following its 
addition before steady-state conditions are achieved. 
The induction period may well be related to the 
requirement for adenosine triphosphate for succinate 
oxidation (see discussion in ref. 3). The dependence 
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of this type of plant mitochondria on adenosine 
diphosphate and the lack of control is not due to 
activity of mitochondrial adenosine triphosphatase 


N 
MITOCHONDRIA EXTRACTED | 
r 


Physics, University of Pennsylvania, Philadelphia ; 


but rather to several factors which sediment with 
starch and the mitochondria. The preparation of 
plant mitochondria that show oxidations controlled | 
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Fig. 1. Polarograph trace of the oxygen utilization by cauliflower 

mitochondria. Mitochondria suspended in a phosphorylating 

medium which consisted of: mannitol, 0-3 M; potassium chloride, 

0-01 M; magnesium chloride, 0-005 M; potassium dihydrogen 

phosphate, 0-01 M; versene, 10-* M; pH 7:4. Succinate = 

0-005 M; the concentration of adenosine diphosphate resulting 
from each addition was 125 uM 
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CAULIFLOWER MITOCHONDRIA 
- MALATE 
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Fig. 2. Polarograph traces of oxygen utilization by cauliflower 

mitochondria in the presence of malate, trace A, and reduced 

diphosphopyridine nucleotide, trace B. Malate = 0-005 M, 

2-5 mgm. reduced diphosphopyridine nucleotide added, conditions 
as in Fig. 1 
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Fig. 3. Polarograph trace of the oxygen utilization by sweet 

potato mitochondria in the presence of reduced diphosphopyridine 

nucleotide and adenosine diphosphate. 2-5 mgm. reduced diphos- 
phopyridine nucleotide added, conditions as in Fig. 1 


by adenosine diphosphate depends on several factors, 
one of which is the careful separation of the mito- 
chondria from the starch fraction. 

Cauliflower (Brassica oleracea) and sweet potato 
(Ipomea batatas) have been shown to be excellent 
chlorophyll-free sources for mitochondrial investiga- 
tions':*}4 and are easily obtained from local markets 
in some places. 

Mitochondria were isolated in the following manner. 
150 gm. of cold, diced tissue were ground in a Waring 
blendor for 5 sec. in 300 ml. of grinding medium. 
The grinding medium consisted of 0-6 M mannitol. 
6 M sucrose (75 per cent mannitol, 25 per cent 
sucrose), 0-5 per cent cysteine (free base), and 10-* M 
versene. The pH of the medium was 7:2. The 
partially disintegrated tissue resulting from the 
treatment in the Waring blendor was ground in small 






aliquots in an unglazed porcelain mortar, the grinding 
being continued until a smooth paste was obtained. 
The disintegrated tissue was squeezed through 
muslin and the resulting suspension was centrifuged 
at 1,000g for 5 min. The mitochondria were then 
sedimented by centrifuging 7 min. at 10,000g. The 
mitochondria were washed twice in the mannitol-— 
sucrose mixture but without the addition of cysteine 
or versene. After each washing the sedimented 
mitochondria must be separated carefully from the 
starch fraction. The pH of all suspensions is one 
very critical factor in the preparation of mitochondria 
from cauliflower. With cauliflower, the pH must be 


y= 


kept between 7-2 and 7-5; with sweet potato, the 
pH is not such a critical factor. 

Sweet potato and cauliflower mitochondria actively 
oxidize a few substrates. Fig. 2A shows the time- 
course of malate oxidation by cauliflower mitochon- 
dria, and it may be seen that the presence or absence 
of adenosine diphosphate considerably alters the 
rate of oxidation. In marked contrast to intact 
mitochondria from animal tissues, the plant mito- 
chondria not only rapidly oxidize malate but also 
reduce diphosphopyridine nucleotide. The rate of 
oxidation of reduced diphosphopyridine nucleotide 
is also controlled by the presence or absence of 
adenosine diphosphate (Figs. 2B and 3). This control 
has been obtained in mitochondria derived from sweet 
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Fig. 4. Low-temperature (— 190° C.) difference spectra of sweet 
potato mitochondria. Curve A, the difference in absorption 
between oxidized and hydrosulphite-reduced mitochrondria. 
Curve B, the difference in absorption between oxidized mito- 
chondria and mitochondria reduced with reduced diphospho- 
pyridine nucleotide in the presence of antimycin A. Curve C, the 
difference in absorption between oxidized mitochondria and 
mitochondria reduced with reduced diphosphopyridine nucleotide 
in the presence of azide 
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potato, potato (Solanum tuberosum), cauliflower, 
broccoli, beetroot and cucumber. It would seem 
that the oxidation of ‘external’ reduced diphospho- 
pyridine nucleotide is a phenomenon common to 
plant tissues, and represents one of the marked 
differences between plant and animal mitochondria. 

The cytochrome components of sweet potato 
mitochondria have been delineated through the use of 
a sensitive rapid scanning split-beam spectrophoto- 
meter® adapted for use at low temperature*®. The 
spectra were obtained in the absence of glycerol as 
described by Bonner’. Low-temperature spectro- 
photometry allows increased absorption and in- 
creased delineation, afforded by the sharpening of 
absorption bands at such temperatures’. A low- 
temperature difference spectrum between aerobic 
and hydrosulphite-reduced sweet potato mitochon- 
drial suspensions shows maxima at 596, 562, 556, 
552 and 547 my (Fig. 4A). A similar spectrum 
of the difference in absorption between aerobic 
mitochondria and mitochondria reduced with reduced 
diphosphopyridine nucleotide in the presence of 
antimycin A shows maxima at 562, 556 and 552 mu 
(Fig. 4B). Finally, a difference spectrum between 
aerobic mitochondria and mitochondria reduced with 
reduced diphosphopyridine nucleotide in the presence 
of azide shows two main peaks at 596 and 547 mu 
(Fig. 4C). These difference spectra show maximum 
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absorption at 596 and 547 mu, corresponding to the 
maxima of cytochromes a + a; and c respectively. 
Since the maxima at 562, 556 and 552 appear in the 
spectrum obtained in the presence of antimycin 4, 
they are interpreted to represent the absorption 
maxima of three different 6 cytochromes. 

The cytochromes of sweet potato mitochondria 
appear to be identical to those which have been 
described in mitochondria derived from a variety 
of plant tissues’. The cytochromes present in higher 
plant mitochondria are remarkably similar among plant 
species, but show marked differences from animal 
mitochondria, especially in the nature of the 6 com- 
ponents. 
reasonably intact mitochondria, as described here, 
will provide the much-needed material for the charac- 
terization of the respiratory chain in plants. 


* Bonner, W. D., and Ito, T., Fed. Proc., 19, 35 (1960). 
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’JUB-IUBS Symp. on Biol. Structure and Function, 
(Academic Press, New York, in the press). 

* Laties, G. G., Plant Physiol., 28, 557 (1953). 

5 Chance, B., in Methods in Enzymology, edit. by Colowick, S. P., and 
Kaplan, N. O., 4, 273 (Academic Press, Inc., New York, 1957). 

* Estabrook, R. W., J. Biol. Chem., 223, 781 (1956). 

7 Bonner, W. D., in Proc. Haematin Enzyme Symp., Canberra, edit. 
by Falk, J. E., Lemberg, M. R., and Morton, R. K. (Pergamon 
Press, London, in the press). 

* Keilin, D., and Hartree, E. F., Nature, 164, 254 (1949). 
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GIBBERELLIN-LIKE SUBSTANCES IN PLANTS 
By MARGARET RADLEY 


Imperial Chemical Industries, Ltd., Pharmaceuticals Division, Akers Research Laboratories, Welwyn, Herts 


Leguminous Root Nodules 

T has been shown! that in clover excision of the 

first-formed nodules, and also of the root-tips, 
stimulates further nodulation. Plants grown in 
association? or in succession® on a limited volume of 
medium can inhibit nodulation of an inoculated 
leguminous plant. The donor of the inhibiting effect 
need not be a leguminous plant. When charcoal‘ 
is added to the rooting medium, nodulation-rate is 
stimulated. It has also been shown that root- 
nodule formation on leguminous plants is reduced in 
Phaseolus®:* and in some species of Trifolium’ by 
treating the foliage with gibberellin. 

The content of endogenous gibberellin-like sub- 
stances in nodules and roots has now been examined 
by the bioassay of extracts of these tissues. The 
extractions were carried out with ethyl alcohol, and 
the solutions were purified as previously described’. 
The extracts were then applied in alcohol to the leaves 
of dwarf pea seedings (var. Meteor). The growth of 
these plants was compared with others treated with 
known amounts of gibberellic acid. 

Table 1 gives the results of three experiments 
using French beans and garden peas. The first 
experiment was carried out with young bean seedlings, 
one month old. In the second experiment old plants, 
from which pods had been gathered, were used. In 
neither case was any gibberellin-like activity detected 
in the roots, whereas a high concentration was found 
in the nodules. Dwarf and tall varieties of pea were 
compared. In both cases a low concentration of 
active substances was detected in the roots and a high 


concentration in the nodules. The nodules of the 


dwarf variety appeared to be particularly rich in 
these substances. 

In addition, two small-scale experiments were 
carried out with French bean plants grown in water 
culture with and without inoculation with Rhizobium. 
In one experiment the nodulated roots and the culture 
solution in which they were grown both contained 
material with gibberellin-like activity, whereas none 
was detected in the uninoculated sample. In the 
other experiment the same amount of activity was 
found in the shoots of both groups of plants and some 
activity in the nodules of the imoculated plants, 
but none was found in the roots or the 
solutions of either group. 

No activity was detected in a 2-gm. sample of root 
tips from 3-week-old French beans grown in soil; 











Table 1. GIBBERELLIN-LIKE ACTIVITY IN ROOTS AND NODULES 
uam. gib*erellic acid 
Species Tissue extracted | equivalent per kgm. 
(gm.) tissue } 
I. Phaseolus vulgaris Nodules 8-2 9-8 
var. Masterpiece Roots 8-2 0 
o» 24-9 0 
Il. Phaseolus vulgaris Noduks 82 
var. Masterpiece a 16-8 
Roots 8-2 
108-5 
III. Pisum sativum 
var. Meteor Nodules 0-3 240 
Roots 0-3 0 
“ 69-3 0-2 
var. Improved Pilot Nodules 0-26 35-4 
Roots 0-26 0 
59-7 0-93 
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but French bean seedlings grown in water culture 
secreted material with gibberellin-like activity into 
the culture solution for at least two weeks after 
germination. At least 0-01 pgm. gibberellic acid 
equivalent per plant was detected. Runner beans, 
peas, wheat and radish secreted smaller quantities 
into the culture medium. 

These results suggest that the nodule-inhibiting 
factor produced by nodules and root tips is probably 
a gibberellin, and this may diffuse out into the sur- 
rounding medium in some circumstances. 

The plants inoculated with Rhizobium in water 
culture were provided by Mr. W. K. Smith. 


1Nutman, P. 8., Ann. Bot., N.S., 16, 79 (1951). 

?Nutman, P. 8., Ann. Bot., N.S., 17, 95 (1953). 

?Nutman, P. S., Ann. Bot., N.S., 21, 321 (1957). 

‘Turner, E. R., Ann. Bot., N.S.,19, 149 (1955). 

§Galston, A. W., Nature, 183, 545 (1959). 

*Thurber, G. A., Douglas, J. R., and Galston, A. W., Nature, 181, 
1082 (1958). 

* Fletcher, W. W., Alcorn, J. W. S., and Raymond, J. C., Nature, 184, 
1576 (1959). 

* Radley, M., Chem. and Indust., 877 (1959). 


Seaweed (Fucus vesiculosus) 

ALTHOUGH gibberellin-like substances have been 
found in many species of flowering plants, none has 
yet been reported from lower plants, apart from the 
fungus Gibberella fujikuroi and the yeast Candida 
pulcherrima'. Nevertheless, there are reports of a 
response to applied gibberellin in ferns?-*, a moss‘, a 
liverwort? and green algae*®-’, suggesting that gibberel- 
lins may play some part in regulation of growth. A 
substance with gibberellin-like activity has now been 
shown to occur in a seaweed. 

4,000 gm. of Fucus vesiculosus was collected and 
stored at — 18°C. For the first experiment 500 gm. 
was extracted with ethyl alcohol for 18 hr. at room 
temperature. The alcohol was removed by filtration 
and pressing, and the tissues were re-extracted with 
fresh 70 per cent aqueous alcohol for 4 hr. The 
alcoholic solutions were combined and were then 
treated as previously described’. The purified 
extracts were applied in alcohol to the leaves of dwarf 
pea seedlings of the variety Meteor. Three doses of 
the extract were compared with known amounts of 
gibberellic acid. This test was carried out in dupli- 
cate, one batch of piants being grown in a greenhouse 
in the natural lighting conditions of July, and the 
other batch geown under continuous artificial light 
only at a temperature of 15°C. The results are given 
in Table 1. 


Table 1. GIBBERELLIC ACID EQUIVALENT (uGM./KGM. FRESH WEIGHT) 





Fresh weight equiv. of extract Bioassay conditions _ 
(gm.) per plant Greenhouse Artificial light 





50 72 0-76 
! 10 12-0 2-1 
2°5 6:8 | 5°2 





Thus all extracts promoted growth considerably ; 
this is evidence for the presence of gibberellin-like 
substances. The relative decrease in activity in the 
higher doses tested, when the plants were receiving 
artificial illumination, suggested that inhibitors 
might be interfering with the response. 

The remaining 3,500 gm. of material was then 
extracted twice with alcohol, filtering but not 
pressing the tissue each time, and the alcoholic 
solution was concentrated in a climbing film evapora- 
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tor. The acidic fraction of this was adsorbed on to a 
column of charcoal/‘Celite’ (5:1), and was eluted 
with water containing increasing amounts of acetone. 
Six fractions were recovered from the aqueous acetone 
and were dissolved in ethyl alcohol. 

In a preliminary series of bioassays aliquots of all 
eluates were concentrated and applied to dwarf pea 
plants. Gibberellin-like activity was found only in 
the 50 per cent acetone eluate. In a similar experi- 
ment carried out under artificial light in which 
1-0 ugm. gibberellic acid was added to each eluate 
it was found that the 90 per cent acetone eluate (an 
aliquot equivalent to 100 gm. of tissue) reduced the 
response to gibberellic acid to about half that 
expected; there was no evidence for the presence of 
an inhibitor in the 50 per cent acetone eluate. 

The 50 per cent acetone eluate was then bioassayed 
at three dosage-levels (Table 2). The lower level of 
activity found, compared with that recorded in 
Table 1, may have been dus to loss in storage or to 
less-efficient extraction. Part of this eluate was 
chromatographed on paper in n-butanol/1-5 N 
ammonia (3:1). The paper was divided into 10 
parts, eluted with alcohol and bioassayed on dwarf 
peas. All the activity was found between Rp 0-3 
and 0-4. Under these conditions the Rp of gibberellic 
acid was 0-38 and that of gibberellin A, was 0-59. 
The other known gibberellins with a similar Rp to 
gibberellic acid are gibberellins A, and A, (ref. 9); 
thus the active material present in Fucus vesiculosus 
may be one of these. 


Table 2. GIBBERELLIC ACID EQUIVALENT (uGM./KGM. FRESH WEIGHT) 
~ 





. . : . | P 5 
Fresh weight equiv. of extract } Bioassay conditions 











(gm.) per plant | Greenhouse Artificial light | 
125 0-45 | 0°36 
25 0-52 0-40 
4 | trace trace 





Chromatograms of the 90 per cent acetone eluate 
were run in the same solvent system. An inhibitory 
substance present at Ry 0-6—0-7 was demonstrated 
by a lettuce germination test and by the lettuce seed- 
ling assay’® in which the response to gibberellic acid 
was reduced. On the other hand, there was no 
significant reduction of the response of dwarf peas 
to gibberellic acid, and it is not clear whether this 
is in fact the substance causing the reduction in 
gibberellin response in the earlier experiments. 
Inhibitor 8, which is found in many higher-plant 
tissues, has a similar Ry in this solvent system!:?2, 
An inhibitor of gibberellin-induced growth found in 
seed extracts has been described by Corcoran and 


Phinney’*. Its mobility in this solvent system is 
not known. 
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AN ENDOGENOUS RHYTHM IN THE RATE OF DARK-FIXATION 
OF CARBON DIOXIDE IN LEAVES OF BRYOPHYLLUM 
FEDTSCHENKO! 


By DIANA M. WARREN and MALCOLM 8. WILKINS 
Department of Botany, University of London, King’s College, 68 Half Moon Lane, London, S.E.24 


EAVES excised from the succulent plant Bryo- 

4 phyllum fedtschenkoi and maintained in darkness, 
at a constant temperature of 26° C., and in an air- 
stream initially free of carbon dioxide, exhibit an 
endogenous circadian rhythm in their rate of carbon 
dioxide emission!:*. The rhythm is inhibited by light 
but recommences when darkness is restored, the 
phase being determined by the time at which the 
light is extinguished. Furthermore, exposing leaves 
maintained in darkness to a light perturbation of 
5 hr. duration at the crest of a peak has no effect 
on the phase, whereas a similar perturbation offered 
between the peaks induces a phase shift in which 
the first post-treatment peak occurs 18-19 hr. 
after the recommencement of darkness. The rhythm 
of emission of carbon dioxide is present in leaves 
excised from plants grown during long days and short 
days'. 

It has been suggested' that this rhythm may be 
due to the periodic activity of a dark, carbon dioxide 
fixation mechanism acting on an aperiodic rate of 
production of respiratory carbon dioxide by the 
tissue and the present work was designed to test 
this hypothesis. 

The experimental plants were grown in cabinets in 
which illumination was provided by a Philips high- 
pressure mercury vapour lamp and four 150-W. 
tungsten lamps. lLong-day illumination extended 
from 2400 hr. until 1600 hr. and short-day illumina- 
tion from 0800 hr. until 1600 hr. The technique 
adopted in these experiments was as follows: three 
leaves were placed in each of a number of specially 
constructed glass tubes through which an air stream, 
initially free of carbon dioxide, passed at a rate of 
1-5 1. per hr. The tubes were immersed in a water 
bath at 26° C. 
3,000 lux until darkness commenced. At 2-hr. 
intervals following the onset of continuous darkness, 
the flow of air free of carbon dioxide to one of the tubes 
was interrupted and “CO, liberated in the closed 
tube. The concentration of carbon dioxide in the 
tube at the commencement of the 2-hr. feeding 
period was 0-66 per cent and the specific activity 
88-4 uc./m.mole. At the end of the feeding period the 
tube was cleared of labelled carbon dioxide and the 
leaves were killed in boiling 80 per cent alcohol. 
They were then macerated and extracted successively 
with 80 per cent alcohol, 50 per cent aleohol and 
water, when no activity remained in the solid residue. 
The extract was reduced to a known small volume 
and the total carbon dioxide fixed by the leaves 
during the feeding period determined by estimating 
the radioactivity present in a sample of the extract. 
The uptake of carbon dioxide is expressed as ugm. 
carbon dioxide per hr. per gm. fresh weight of tissue. 
Simultaneous control experiments were conducted in 
which the rate of carbon dioxide output of two 


and illuminated at an intensity of 


samples of leaves was monitored with an infra-red 
gas-analyser incorporated in an apparatus similar to 
that used in previous studies'-*. 

In the first two experiments leaves were excised 
from the plants between 1400 hr. and 1500 hr. and 
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Fig. 1 (top). Rhythms in the rate of fixation (histogram) and 
output (continuous curve) of carbon dioxide in excised short-day 
leaves of B. fedtschenkoi maintained at 26° C. and in continuous 
darkness which commenced at 1600 hr. The black area of the 
bar above each figure indicates darkness. Ordinates, ugm. CO, 
fixed or given off/hr/gm. fresh weight of tissue; abscissa, time 
of day, Mn (midnight) 
Fig. 2 (bottom). Rhythms of fixation (histogram) and output 
(continuous curve) of carbon dioxide in leaves taken from a plant 
grown in long days and transferred to darkness at 1600 hr. 
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Figs. 3 and 4. Changes induced in the phase of the rhythms of 
fixation (histogram) and output (continuous curve) of carbon 


2 


dioxide in short-day (Fig. 3, above) and long-day (Fig. 4, below) 
leaves by postponing the onset of continuous darkness from 
1600 hr. to 0800 hr. the following morning 


is, at the same time that darkness commences in the 
growth cabinets. The subsequent rate of dark fixation 
of carbon dioxide by short-day leaves showed a 
distinct rhythm in which the first peak occurred at 
2400-0200 hr., 8-10 hr. after the onset of con- 


tinuous darkness, and further peaks at intervals of 


approximately 23-24 hr. (Fig. 1). A similar result 
was obtained when this experiment was repeated 
with leaves taken from a plant grown in long days 
(Fig. 2). Continuous darkness again commenced at 
1600 hr. and the first peak of the rhythm of fixation 
occurred approximateiy 8 hr. later at 2400 hr., with 
subsequent ones at about 23-hr. intervals. In each 
experiment the peaks of the rhythm of fixation 
occurred at times closely similar to the troughs in 
the rhythm of net output of carbon dioxide and vice 
versa. The slightly earlier occurrence of the first 
peak of the fixation rhythm in long-day leaves is 
consistent with a previous finding!‘ that the transient 
in the output rhythm decreases as the duration of 
the previous light treatment is increased. 

The phase of the rhythm of fixation of carbon 
dioxide can be changed if the onset of darkness, 
which normally occurs at 1600 hr., is postponed for 
several hours. Leaves were excised and placed in the 
tubes in the usual manner between '400 hr. and 
1500 hr. and then illuminated at an intensity of 
3,000 lux until 0800 hr. the following morning. The 
rate of carbon dioxide fixation by both short-day 
(Fig. 3) and long-day (Fig. 4) leaves in the sub- 
sequent continuous darkness showed a _ distinct 
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23-24-hr. rhythm in which the first peak occurred 


at approximately 1400 hr., that is, about 6 hr. 
after the light was extinguished. Figs. 3 and 4 
show that the rhythm of carbon dioxide fixation 
persists for at least 4 days in both short-day and 
long-day leaves held in darkness and at 26° C. In 
each figure the peaks of the fixation rhythm again 
occur at similar times to the troughs in the output 
rhythm. 

In two further experiments the leaves were excised 
between 0800 hr. and 0900 hr. and transferred to 
darkness at 1000 hr.; both the short-day and the 
long-day leaves therefore experienced darkness 6 hr. 
earlier than if they had remained in the growth 
cabinets. It is clear from Fig. 5 that when short-day 
leaves are darkened at 1000 hr. the first peak of the 
rhythm of carbon dioxide fixation occurs at 2400 
0100 hr. and the next peak 22-23 hr. later. The 
peaks occur, in fact, at the same times of day as 
those in the experiment shown in Fig. 1, where the 
leaves were darkened at 1600 hr. On the other 
hand, if long-day leaves are darkened at 1000 hr. 
the first peak of the fixation rhythm occurs at 
approximately 1900 hr., 9 hr. after the onset of dark- 
ness (Fig. 6), and subsequent ones at intervals of 
approximately 23 hr. It is clear, therefore, that 
while the early onset of darkness does not modify 
the phase of the rhythms of fixation or output of 
carbon dioxide in short-day leaves, in long-day leaves 
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Figs. 5 and 6. Rhythms of fixation (histogram) and output 
(continuous curve) of carbon dioxide in short-day (Fig. 5, above) 
and long-day (Fig. 6, below) leaves transferred to continuous 
darkness early in the day at 1000 hr. The hatched area of the 
illumination programme bar represents the darkness experienced 
by the leaves in the growth cabinets prior to the onset of the day 
(unshaded area) in which they were excised and darkened early. 
For explanation see text 
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a phase shift is induced in which the first peaks of 
the fixation and output rhythms occur approximately 
9 and 19 hr. respectively after the recommencement 
of darkness. 

The invariable coincidence between the times of 
oceurrence of the peaks of the fixation rhythm and 
the troughs of the output rhythm and vice versa in 
Figs. 1-6, irrespective of the time of day at which 
darkness commences, indicates that the rhythm of 
emission of carbon dioxide in the leaves is, in fact, a 
manifestation of the fixation rhythm re-fixing 
respiratory carbon dioxide at certain times in the 
cycle and not at others. 

The induction of a phase-shift in the rhythms of 
both fixation and output of carbon dioxide by 
exposing long-day, but not short-day, leaves to 
darkness at 1000 hr. was to be expected on the basis 
of results already published?-*. If the onset of the 
dark period immediately prior to the day during 
which the leaves were transferred to darkness at 
1000 hr. is considered as the time when continuous 
darkness commenced, then the curtailed day which 
the leaves received afterwards can be regarded as a 
light perturbation. In the case of long-day leaves 
this perturbation commenced at 2400 hr., that is, 
between the peaks of the rhythm of carbon dioxide 
output, and this would induce a phase-shift in which 
the first post-treatment peak would occur 18-20 hr. 
after the end of the treatment. In the short-day 
leaves the perturbation did not commence until 
0800 hr., that is, until the crest of the peak of the 
output rhythm had been reached, and the phase of 
the rhythm is unaffected by a perturbation offered 
at this position in the cycle. Furthermore, the 
duration of the perturbation experienced by the 
long-day leaves was 10 hr., whereas that experienced 
by short-day leaves was only 2 hr. 

Except when the leaves are, in effect, merely 
exposed to a light perturbation at the crest of a peak 
of the output rhythm, it is clear that the phase of 
the rhythms of output and fixation of carbon dioxide 
is determined by the time at which darkness com- 
mences and may be set accordingly at any desired 
time of day. Moreover, the results presented in 
Figs. 5 and 6, and those already published*:*, show 
that the phase of the rhythms in leaves maintained 
in darkness is reset by a light perturbation only if it 
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is administered in that part of the cycle where carbon 
dioxide fixation is occurring. 

In attempting to locate the basic, oscillating 
chemical system in the leaf tissue it is important to 
determine whether the rhythm of carbon dioxide 
fixation is the only component of the output rhythm 
or whether there is also a rhythm in the rate of 
production of respiratory carbon dioxide. Preliminary 
experiments using the Warburg technique have not 
hitherto yielded evidence of a rhythm in the rate of 
respiration (oxygen uptake) of either whole or dis- 
sected leaves maintained in darkness and at 26° C. 
If the rate of production of respiratory carbon dioxide 
is aperiodic and corresponds to the rate of carbon 
dioxide emission of the leaves at the crests of the 
peaks of the output rhythm, then there should be a 
quantitative agreement between the maximum rates 
of fixation of carbon dioxide and the maximum 
decreases in the rates of carbon dioxide emission by 
the leaves in the corresponding troughs of the output 
rhythm. However, it is not possible to make a close 
quantitative comparison between the maximum rates 
of carbon dioxide fixation and the maximum decreases 
observed in the rate of carbon dioxide output of the 
leaves because, first, the rate of fixation of carbon 
dioxide by the leaves is a function of the ambient 
concentration of the gas, and secondly, the rates of 
fixation of carbon dioxide recorded in this work 
refer to the total fixation of the carbon dioxide 
liberated into the tubes and do not include the 
refixation of respiratory carbon dioxide which must 
occur during the 2-hr. feeding period when the leaves 
are incorporating the labelled gas. 

The endogenous rhythm in the rate of dark fixation 
of carbon dioxide is undoubtedly the major com- 
ponent of the rhythm of carbon dioxide output 
in the leaves. Whether or not it is the only com- 
ponent is now the subject of a detailed investiga- 
tion. 

We thank Prof. T. A. Bennet-Clark for providing 
laboratory facilities for this work, and the Agri- 
cultural Research Council for financially supporting 
one of us (D. M. W.). 


' Wilkins, M. B., J. Exp. Bot.,10, 337 (1959). 

* Wilkins, M. B., J. Exp. Bot., 11, 269 (1960). 

* Wilkins, M. B., Cold Spring Harbor Symp., 15, 115 (1960). 
* Wilkins, M. B., Proc. Roy. Soc. (in the press). 


CALCULATION OF THE AREAS OF ISOLATED OR OVERLAPPING 
NORMAL PROBABILITY CURVES 


By Dr. D. MORISON SMITH and JOHN C. BARTLET 


Food and Drug Directorate, Tunney’s Pasture, Ottawa, Canada 


MATHEMATICAL method has been developed 

for the calculation of the areas of normal prob- 
ability curves, even when they overlap one another’. 
The method was used in that paper for the analysis 
of gas chromatograms obtained with a differential 
detector system. It should be possible to apply this 
method to any display of overlapping curves which 
exhibit probability characteristics. There are many 
procedures in various fields which apparently give 
such displays besides gas chromatography; for 
example, there are the curves obtained on plotting a 
given chemical property versus emergence time or 


fraction number in column partition chromatography; 
the optical density curves obtained by photoelectric 
scanning either through an angle in X-ray spectro- 
metry or over a wave-length in emission spectra or 
across the spots in the direction of their motion in 
paper chromatography or electrophoresis; the sedi- 
mentation diagrams obtained on the ultracentrifuge 
with materials of high molecular weight; and some 
mass spectrometry curves, particularly those obtained 
on machines using the time of flight principle. The 
optical density curves obtained from photographic 
plates of emission spectra or Debye—Scherrer X-ray 
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diffractions may also be probabilistic in nature, but 
calculations for such curves will depend on variations 
in the photographic response with wave-length and 
intensity. There is also the possibility that this 
method might apply to some very simple, uncom- 
plicated infra-red or ultra-violet spectra. 

The first step in the application of this method is to 
determine whether isolated peaks fit the requirements 
for normal probability curves. From Sheppard’s 
tables of the normal probability integral*, it is found 
that the width of the normal probability curve equals 
one standard deviation, o (sigma), at 0-882 of the peak 
height, h, equals 2c at 0-607 h and 36 at 0-324 
h. If the curve conforms to a normal probability 
curve, the values of o derived from measurements of 
peak-width will be constant. The area may then be 
calculated from the equation: area, A = ho/(2z). 

For the determination of the areas of overlapping 
normal probability peaks, there must be some means 
of predicting the o values these peaks would have if 
they were isolated. In the case of chromatographic 
processes, the distribution of a given compound is 
controlled by random mechanisms such as diffusion 
within a phase or transfer between phases. The 
repeated application of these random mechanisms 
leads to broadening the peaks (increased co) as the 
process continues. In gas chromatography, when o 
is plotted versus the retention times of the peaks, a 
straight line is obtained'. The work of Craig* indicates 
that the same increase in o occurs in countercurrent 
distribution and in column chromatography. For 
other processes, o may be constant, or depend on 
certain experimental variables, for example, width 
of slit in an optical system or angle from the incident 
beam, in a diffraction system. All the above varia- 
tions of co with time, fraction number, angle, slit 
width, ete., are experimental variables which can be 
correlated to values of o in a calibration curve. 
Signa can then be read from this curve and the o 
values of overlapping peaks can be interpolated. 

When two additive normal probability curves over- 
lap, the contribution of one curve to the apparent 
height of the other can be calculated. The informa- 
tion necessary for this correction was obtained from 
Sheppard’s tables*. For convenience, it is presented 
graphically on probability paper in Fig. 1 with the 
ordinate of the normal probability curve, converted 
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Overlapping normal probability curves 


to percentage of peak height, plotted against the 
distance between the peaks measured in units of o. 

A sample calculation of the mutual correction of 
two peaks is as follows. Consider the two peaks in 
the construction in Fig. 2. From previous experi- 
ments carried out under the same experimental 
conditions, either on the two isolated components 
for most accurate work, or on various mixtures, the 
values of o and positions of the two peaks are inter- 
polated. In the example under consideration, the 
values of c obtained from a calibration graph are, for 
the first peak, (a) 20 mm. and for the second peak, 
(6) 25 mm.; the peaks are 55 mm. apart before photo- 
graphic reduction for publication. The contribution 
of peak 6 to the height of peak a at the mean of peak 
a is dependent on the distance a is from b in terms of 
6», which is 55/25 or 2-26). This corresponds to a 
percentage contribution of 8-8 per cent of 82 mm., 
the observed height at b, that is, 7-2 mm. The 
observed height at a, 107 mm., is then corrected to 
99-8 mm. by the deduction of the contribution of 
peak 6. This figure is then used in the calculation of 
the true area of peak a. Similarly, the contribution 
of peak a to the height of peak b at its mean depends 
on the distance apart of a and 6 in terms of og, which 
is 55/20 or 2-75 og, corresponding to a contribution 
of 2-2 per cent of the 99-8 mm. of peak a or 2-2 mm. 
to be deducted from the height of peak b, giving 79-8 
mm. for the true height of peak b. The construction 
actually used a height of 79-8 mm. for a and 99-7 mm. 
for b, giving an accuracy for the method within the 
limits of lmear measurement on such a construction. 

This accuracy was obtained with what is only the 
the first of a series of iterative corrections. It has 
also been observed that when the peaks are 4o or 
more apart, no corrections need be made in the 
measured peak height. 

It can be seen from Fig. 1 that there is a slight 
horizontal displacement of the observed peaks when 
they approach as closely as 2c. The effect of this is 
insignificant; in fact, in many cases, if the peaks 
are separated enough to show as defined shoulders, 
direct measurement of height will give values by 
calculation for the areas which are within the inherent 
precision of the method itself. 

This method may be extended to more than two 
peaks with the appropriate interrelated series of 
multiple corrections. Even with skewed probability 
curves, @ similar treatment can be used to find the 
area of overlapping peaks’. 


' Bartlet, J. C., and Smith, D. M., Canad. J. Chem., 38, 2057 (1960). 
8 — Tables for Statisticians,1, 104 (Camb. Univ. Press, London, 
1954). 


* Craig, L. C., Anal. Chem., 22, 1346 (1950). 
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LETTERS TO THE EDITORS 


PHYSICS 


Photography of Cerenkov Light from 
Extensive Air Showers in the Atmosphere 


SEVERAL authors'-* have shown that 
light from extensive air showers in the atmosphere 
can be detected above the background light of the 
night sky, and that a single photomultiplier can be 
used for detecting showers of about 10%-eV. primary 
energy at distances up to 600 m. from the shower axis. 

We have used an image intensifier system, triggered 
by amplified pulses from a 5-in. photomultiplier, in 
an attempt to photograph the showers. The system 
consists of a Schmidt mirror 30 cm. in diameter, and 
nominal aperture of f0-5, but with usable area only 
300 cm.*. It has an acceptance cone of half-angle 17 
about the zenith and is focused for infinity on the 
5-in. diameter cathode of an image intensifier 
(Westinghouse WXYX4171). This is run continuously 
and integrates night-sky light over the decay time 
of the P15 phosphor, nominally | usec. It is coupled 
optically to a three-stage cascaded intensifier (R.C.A. 
C73491) which is normally gated off, and which is 
followed by an intensifier orthicon, with kinescope 
display. The intensifier system has previously been 
used with a scintillation chamber and is described 
Under present conditions we are limited 
and operate the system 


Cerenkov 


elsewhere. 
by night-sky background, 
well below full gain. 

Light pulses are accepted by the photomultiplier 
over a cone of half-angle 50°, so that selection is 
isotropic over the field of view of the Schmidt 
system, but not all selected showers will be visible 
to it. Operation has been possible for 8 hr. under 
clear sky conditions and 32 shower pulses have been 
observed. A random pulse is applied a few seconds 
after each Cerenkov pulse, to obtain a comparison 
Ten of the Cerenkov photographs have 
large spots, 3—5° in angular diameter. A _ typical 
event is shown in Fig. 1. No spots of comparable 
size or brightness have been observed in any of the 
32 random pictures, though stars appear in both 
Cerenkov and random pictures. On covering the 
system, the field becomes dark. The evidence in- 
dicates that we are photographing the Cerenkov 
radiation from extensive air showers. 

In the case illustrated, the first-magnitude star « 
Lyre (Vega) also appears in both exposures, and this 


picture. 


Shower 





Cerenkov Random 


Fig. 1 


can be used to set a lower limit for the brightness 
of the shower pulse. It is known from previous work 
with the system that the effective integration time 
of the first phosphor is approximately 10 ysec., 
about ten times the nominal decay-time of the fast 


component. The total visible flux from the star 
during this time is roughly 10 photons/em.?. From 


the film density we estimate that the intensity of the 
shower pulse is of the order of 50 photons/em.?, con- 
sistent with a shower size of 10° particles. Accurate 
estimates are difficult because of non-linearities in the 
kinescope display and film response. 

The centres of the shower spots, which correspond 
presumably to the directions of the showers, can be 
determined with accuracy better than 0-5°. This 
combination of high directional precision with rela- 
tively high detection-rate suggests that the technique 
may be of value in the search for showers initiated 
by primary y-rays. 

The work was carried out at the Agassiz Observa- 
tory of Harvard University (100 m. above sea-level) 
and we would like to thank the Committee of the 
Observatory for allowing us the use of an sstronomical 
building as well as Mr. K. Richards for his help in 
constructing and operating the system. One of us 
(N. A. P.) thanks the O.E.E.C. for the award of a 
senior visiting fellowship at the Massachusetts 
Institute of Technology. The experiment was sup- 
ported in part through A.E.C. Contract AT(30-1)— 
2098, by funds provided by the U.S. Atomic Energy 
Commission, the Office of Naval Research, and the 
Air Force Office of Scientific Research. 

D. A. Hii 
Massachusetts Institute of Technology, 
Cambridge, Mass. 
N. A. Porter 
University College, 
Dublin. 
1 Jelley, J. V., Cerenkov Radiation, 212 (Pergamon Press, London 
1958). 
*Cudakov, A. E., Rep. Moscow Conf. Cosmic Rad., 2, 50 (1960). 
* Brennan, M. H., Malos, J., Millar, D. D.. and Wallace, C. S., Nature, 
182, 973 (1958). 
* White, J., Porter, N. A., 
20, 40 (1961). 
> Caldwell, D. O., Rep. Belgrade Conf. Nuclear Instruments (in prep- 
aration). 
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An Autoradiographic Effect 

WHILE using X-ray films in another investigation, 
autoradiographic effects were obtained from many 
ordinary substances or mixtures of them. Materials 
such as zinc metal powder alone or mixtures of metal 
powders in a medium such as dried ‘Glyptal’ varnish 
were used. Such mixtures were put in holes in wooden 
or plastic blocks and the films attached to the blocks 
with drawing-pins or tape. A cardboard separator 
was used around the edges of the blocks to keep the 
films out of contact with the materials, leaving an 
air-gap of about 1 mm. Exposures of 48 hr. were 
generally used. 

The combination of materials used in most of these 
experiments was a mixture of aluminium filings in 
‘Glyptal’ varnish with addition of small amounts of 
castor oil sometimes. The following experimental 
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' This effect was studied by itself, 
and the results are shown in 
Fig. 3. On the left side are original 
radiations from the blocks, but 
on the right side are results from 
films which were not exposed 
zhtness Room air _ Vacuum Argon Hydrogen Helium Krypton Me cose roll to blocks, but bigest left in — 
is work ontinuously (natural g tact with the films on the left 
n time pumped before they were developed. The 
) usec., Fig. 1 time of such’ contact was" 24 
he fast hr. or more. As shown, definite 
1e star transfers were made and it should be noted that. the 
From transfers are not in proportion to the intensity of the 
-of the original films. This would indicate that the agency 
2. con- causing the transfer is not the same as that which 
ecurate affects the X-ray film. Such transfers were obtained 
s in the from materials other than films exposed to the 


‘espond 








radiating blocks. such as sheets of gelatine and metal 
foil. 








can be Attempts were made to produce such transfers 
This from films exposed to known radiations such as 
th rela- ordinary light, X-rays (about AS B-rays from 
-hnique tungsten-185, y- and §-rays from iron-59 and infra- 
litiated red light. In all cases the original films (except 
the infra-red) had images comparable with those 
bserva- obtained from the blocks, but no transfers were 
a-level) results are for such mixtures, but similar results were obtained. The film is not sensitive to infra-red. 
of the obtained from mixtures of other materials and also Experiments were performed to find out how long 
10mical from metal filings or powders alone, notably zinc. the originally exposed film would produce such 
help in Metal powders are not necessary for the effects, for transfers. A film was exposed to a radiating block 
e of us they were also obtained from mixtures of organic for 48 hr. It was then left in contact with various 
rd of a materials. other films which were changed at 24-hr. intervals. 
husetts The following series of experiments were performed The results are shown in Fig. 4. The original film is 
as sup- to find out their effect on the autoradiations that were on the left and the others are the films that were in 
30-1)— § obtained: contact with the original for the first 24 hr., second 
Energy Effect of ambient atmosphere on the radiation: 24 hr., third 24 hr. respective ly. The third film did 
nd the Blocks were rade up and exposures made in different not reproduce, but the images were discernible in the 
atmospheres. The block, in each case with film negative. Thus the activity of the original film 
LL attached, was put in a box impervious to light and _ persisted for 72 hr. or more. 
placed in a bell jar in which the atmosphere was It should also be stated that, for the transfer, the 
changed for each exposure. Results are shown in two films have to be as close as 1 or 2 mm. between 
RTER Fig. 1. All exposures were from the same block and them. 
were for 48 hr. The pressure in each case was a full 
! atmosphere, except for vacuum, which was about 
— 25u or what is obtained from a rotary oil vacuum rr 
pump. There was no ‘out-gassing’ of the materials. 
(1960). Gases used such as argon, helium and krypton were ; 
Nature, taken from supplies used for lamp making and were 
ve. Pla. dry. Hydrogen was dried with a small tube con- 
taining phosphorus pentoxide. 
(in prep- It may be noted that the kind of atmosphere 
! affects greatly the kind of radiation results obtained 
from the same materials. The intensity is changed, 
and in some cases the wood of the block is made to — 
—_ radiate as shown in the case for vacuum. The highest m . 
ige . 





intensity was obtained for hydrogen. The effect of 
additions is shown here, because the lower spot was 
from the mixture with a few per cent castor oil, 
while the upper one had no castor oil. 


| many 
aterials 
f metal 


Transferred films 


Original films 


Fig. 3 





varnish | Effect of ambient temperature : The effect of ambient 

wooden | temperature is shown in Fig. 2. The same block was 

» blocks used for all cases. It may be noted that ambient 

parator | temperature changes the results as to intensity of 

cep the radiation and also the areas of the block which 

= produce the radiation. At the first two temperatures 

oe the spot radiates as a whole, but at the third the 

of these | radiation comes mostly from the edges of the spot. eal 7 . — 
: = | Transfer of radiation: This is an effect which was Original film First 24hr. Second 24 hr. Third 24 hr. 
lings @ § found to occur if exposed, but not developed, films Transfer Sim 

uns ¢ were stored next to each other for as much as 24 hr. Fig. 4 

imental 
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Range of radiation: This, of 
course, depends on the materials 
involved. Exposures at a distance 
of 3 in. produced the effect on the 
X-ray film. Using the usual extra- 
polation techniques, the indication 
is that the radiation may extend to 
as much as 6 in. Also at 3 in., the 
same results were obtained with the 
radiating materials above, below or 
to one side of the films. It is con- 
sidered that this would not occur if 
the effect were due to a gas or vapour. 

Also, the effect on the X-ray film has been obtained 
through thin sheets of aluminium foil, mica and up 
to 0-5 mil. ‘Mylar’ sheet. Whether the actual original 
radiation goes through these materials is open to 
question, for it may be another case of transfer as 
described here, the intervening materials re-radiating 
to the film on the other side. 

Life of the radiating bodies: Experimental results 
indicate that, so long as the materials remain in the 
same condition, they will continue to radiate in the 
same way. Since, however, some oxidize, others such 
as plastic materials polymerize and set, etc., their 
radiating characteristics change. 

All films referred to as X-ray films were Eastman 
‘No screen’ X-ray films. A few attempts were made 
to use other films such as “TriX’ and ‘Panatomic’, but 
without success. 

The literature as listed here'-* mentions the ‘Russell 
effect’, which ascribes the effect of various materials 
on photographic films to the production of hydrogen 
peroxide, which reacts chemically with the films to 
In those cases ordinary films 
were used, and there is no doubt that hydrogen 
peroxide affects the films. In the above work, the 
effects were obtained only on X-ray film and were 
obtained under conditions vacuum, inert 
atmosphere and time where no such peroxide would 
be formed. This would indicate the presence of a 
radiation of a type for which these X-ray films are 
designed. It is therefore suggested that these 
radiations are a soft electron or 8-type radiation 
with a range of as much as 6 in. from the source. 
The agency producing such radiations is somewhat 
obscure. It would have to be something which 
depends on the kinetic condition of the source, since 
production of the radiations is varied by conditions 
such as atmospheric content and pressure, vacuum, 
temperature, etc. More experimental work is needed 
to determine the exact nature of the agency causing 
these radiations. 


produce the effect. 


such as 


Stuart McLEAN 


Lamp Research and Development 
Operation, 
General Electric Co., 
Nela Park, Cleveland 12, Ohio. 
* Russell, W. J., Proc. Roy. Soc., 61, 424 (1897). 
* Grunberg, L., and Wright, K. H. R., Nature, 170, 456 (1952). 
* Meleka, A. H., and Barr, W., Nature, 187, 232 (1960). 


WE wish to report the following experiments which 
were designed as a consequence of McLean's observ- 
ations reported here. 

In our experiments we also used X-ray film, 
Kodak ‘Crystallex’, which is a standard material for 
X-ray diffraction work. Two series of experiments 
were carried out. In the first, the film was exposed 


NATURE 


Fig. 2d. 


VoL. 191 


August 12, 1961 





Fig. 2b 


Fig. 2a 


Film exposed to hydrogen peroxide vapour for 1 hr. 
‘ig. 2a. Asin Fig. 1 ; 
‘Transfer’ from 2a. of transfer, 22 hr. 


Time 
for various times to hydrogen peroxide vapour by 
placing it above a dish containing the liquid. The 
film was then processed in the normal way. An 
example is shown in Fig. 1. (Compare with Fig. 1 
of McLean.) In the second series of experiments a 
film which was exposed to hydrogen peroxide vapour, 
but not developed, was placed in contact with a fresh 
film. The two films were then developed and a 
transfer effect was observed as can be seen in Fig. 2a 
and 2b. (Compare with Fig. 3 of McLean.) We 
believe that the vapour particles attached to the 
original film were transferred to the second, resulting 
in the same effect as in the first series of experiments, 

We made no attempt to reproduce McLean’s 
‘transmission’ effect using hydrogen peroxide; little 
information is given in the original work. It would 
be interesting, for example, to have such data as the 
porosity of the aluminium foil used, also the relative 
intensities obtained. 

A. H. MELEKA 
W. Barr 
Metal Physics Section, 
British Iron and Steel Research 
Association, 
140 Battersea Park Road, 
London, 8.W.11. 


Initial Vibrations of a Supported Beam 

Tue theory of steady flexural vibrations of a 
supported beam is well known, but that concerning 
the initial 
have received little attention. We 
carried out experiments on the subject. 

Flexural vibrations of metal strips were initiated 
by striking the strips normally to the greatest area 
with pendulum-type hammers. The vibrations were 
examined by using a variable-reluctance transducer 
coupled through an amplifier to an oscilloscope. The 


have therefore 


movable component of the transducer was fixed to ' 


the beam or was formed by the beam itself when 
steel ones were used. The conversion characteristics 
of the transducer were found to be nearly constant 
with frequency for the small amplitudes of vibrations 
obtained in the experiments. The metal beams were 
all 2-54cem. x 0-318cm. x 40cm., and were supported 
on knife-edges placed as closely as possible to their 
ends. 
and were shaped to give approximately point con- 
tacts on the beams. Soft hammers, such as those 
made from cork or rubber, were found to result in 4 
single impact, as shown by George! and Cliffe* for 
soft hammers striking pianoforte strings. 

Figs. 1 and 2 show the oscilloscope trace obtained 
when a mild-steel beam was struck by a soft hammer 
at its centre, where the transducer was also located 
on the reverse side of the beam. In Fig. 1 the small 
timing pulses are spaced at intervals of 20 meee. 
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while in Fig. 2 the pulse spacing is 2 In these 
figures the first apparent half-cycle of the fundamental 
mode of vibration is clearly seen to be of smaller 
amplitude and of shorter duration than the sub- 
sequent half-cycles. The same features were found 
in many of the photographs obtained by altering the 
positions of the transducer and the impact and by 
using beams of different metals. 

The impulsive force acting at the hammer is not 
known, and attempts will be made to elucidate the 
force-time relationship which exists during impact, 
but the anomalous first half-cycle can be explained 
by assuming a form for the impulsive force and then 
following the method of Carslaw and Jaeger*. The 
force P; acting at the centre of the beam due to the 
hammer is assumed to be given by P; = P,(exp(—at) 
—exp(—bt) ), where P,, a and 6 are all large positive 
constants and P,; is the force at time ¢. Fig. 3 shows 
graphs of exp(—at) and exp(—dt) from which a graph 
giving (exp(—at) — exp(—dt) ), and bence the form of 
the impulsive force, can be constructed. Such a form 
agrees with that suggested by Goland e¢ al.‘, although 
the ways in which impacts were obtained in this 
earlier work are different from those in the present 
experiments. 

The displacement y, of the centre of the beam at 
time ¢ is then given by 


msec. 


y = A,cos(kt) + By,sin(kt) + A,cos(9kt) + 

B,sin(9kt) + A,cos(25kt) + B,sin(25kt) + . . .+ 

A,cos(n*kt) + Brsin(n?kt) + ... — Cexp( —at) + 
Dexp(—bt) (n odd) 


where k, An, B,, C and D are positive constants. 
k depends on the elasticity and dimensions of the 
beam. If y = Oatt = 0, An, Cand D are related by: 


A, +Azs+...+ An+t...—-C+D=0 


Other considerations suggest that the amplitudes A, 


and B, are inversely proportional to the square of n. 
Thus, a simplified synthesis of y, using only the terms 





Fig. 1. Oscilloscope trace, timing pulse spacing 20 msec. 





Fig. 2. Oscilloscope trace, timing pulse spacing 2 msec. 
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Fig. 3. Graphs of exp( — at), exp( — bt) and exp( — at) — exp( — bf). 
——, exp(-af); — -, exp(— bt); ——, exp(—at) — exp( — bt) 
F(t) 
‘ L 











Fig. 4. Graphs of A,cos(&t) + B,sin(kt), D exp( — bt) — C exp(—at), 

and A,cos(kt) + B,sin(kt) + D exp(—bt) — C exp(—at). 

—, A,coskt + B, sin kt; —+-—D exp(—bdt) — C exp(—at); 
--—-, A, cos kt + B, sin kt + D exp(—bdt) — C exp(—at) 


having coefficients A,, B,, C and D may be expected 
to yield a fair representation of the actual y. 

Such a synthesis is given in Fig. 4 in which the sine 
and cosine terms have been combined. This figure 
shows a marked similarity to Figs. 1 and 2 so that 
the assumption of the form of P; is further justified. 
Additional justification could perhaps be obtained 
by analysing wave-forms such as those shown in 
Figs. 1 and 2, but the analysis is made difficult by 
the presence of the anomalous first half-cycle. 


R. V. SHARMAN 
D. WHITE 
Physics Department, 
Brunel College of Technology, 
London, W.3. 

' George, W. H., Proc. Roy. Soc., 108, 284 (1925). 

* Cliffe, P., Ph.D. thesis, University of London (1951). 

*Carslaw, H. 8., and Jaeger, J. C., Operational Metheds in Applied 

Mathematics, 145 (Oxford Univ. Press, 1947). 


* Goland, M., Wickersham, P. D., and Dengler, M. A., J. App. Mech., 
22, 1 (1955). 


Ultrasonic Absorption of Polymer Solutions 


Ir is well known that the presence of a small 
amount of low-absorption solute in a highly absorbing 
solvent will reduce the absorption of the solution by 
much more than would be expected from simple 
proportionality. This is the case for mixtures of 
benzene (high absorption) with methyl methacrylate 
(low absorption). Wada and Shimbo! have shown 
that if polymethylmethacrylate is added to a benzene— 
methylmethacrylate mixture the resultant absorption 
is higher than in the absence of the polymer, although 
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Fig. 1. a/f? as a function of monomer concentration. Full line, 
labelled 8 per cent polymer, predicted curve; dotted circles, 
experimental points 


remaining less than that for the pure benzene. They 
suggested that this rise in absorption is caused by 
some of the monomer becoming ‘enclosed’ within the 
polymer chains so that it is no longer effective in 
reducing the solution’s absorption. It is possible, 
however, to account for this rise in absorption without 
assuming ‘enclosure’. 

It is assumed that the absorption of a polymer 
monomer — benzene mixture is made up of: (a) the 
absorption of a monomer — benzene mixture in which 
the polymer behaves in a similar manner to monomer 
in reducing the absorption; (6) an absorption due to 
the viscous motion of the solvent relative to the 
polymer chains*:*. This viscous absorption is assumed 
to be directly proportional to the mass of polymer 
present and the viscosity of the solvent. It is further 
assumed that these absorptions are additive. On 
these assumptions it is possible to account for the 
effects of the polymer found by Wada and Shimbo. 

The ultrasonic absorptions of the mixtures have 
been measured at 26° C. and 5-19 me./s. by a standard 
pulse technique. The measured absorption of ‘Analar’ 
benzene (expressed as a/f?) is 1,010 x 10-1’, which 
is higher than the generally accepted value of 
900 x 10-7. However, for the present purposes, this 
discrepancy is unimportant since all the absorptions 
were measured under identical conditions with the 
same equipment. 

The absorption due to the viscous motion of the 
solvent relative to the polymer chains was measured 
by comparing the absorption of a solution of poly- 
methylmethacrylate in methylmethacrylate monomer 
with that of the pure monomer. Using monomer as 
solvent should probably eliminate any impurity 
effect which the polymer might have on the absorp- 
tion. Expressed in terms of «/f? the viscous absorp- 
tion of the polymer in monomer is 31 x 10-!’ per 
gm. of polymer in 100-ml. solution. Thus, allowing 
for the higher viscosity of benzene compared with 
monomer, the expected value of «/f? for an 8 per 
cent (w/v) solution of polymer in benzene, in the 
absence cf an impurity effect lowering the absorption, 
should be 1,310 x 10-7 while the measured value is 
850 x 10-1’. The difference of 460 x 10-1’ is that 
which would be produced by 6 gm. of monomer in 
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100 ml. of benzene solution. For 6 per cent and 4 per 
cent polymer solutions the corresponding equivalent 
monomer concentrations are found to be 3-8 gm. 
and 2-6 gm. of monomer in 100 ml. of solution. It 
appears, therefore, that the efficiency of the polymer, 
in so far as reducing the absorption is concerned, is 
about two-thirds that of the monomer (the actual 
values are 0-75, 0-63 and 0-65 respectively). This 
seems to be reasonable since the reduction in absorp. 
tion by an impurity is due to collisions between it 
and the benzene molecules. If the monomer molecule 
is regarded as a cube there are six faces available for 
a collision with a benzene molecule, but when the 
monomer is connected into a polymer chain the 
number of faces available for collision drops to four 
for each monomer unit. 

From a knowledge of the variation in «/f? and 
viscosity with monomer concentration in benzene - , 
monomer mixtures and the amount of monomer. 
equivalent to the polymer so far as reduction of 
absorption is concerned, it is possible to predict the 
variation in a/f? with monomer concentration for 
polymer — monomer — benzene mixtures. The results 
of one such calculation for an 8 per cent (w/v) solu- 
tion of polymer are given in Fig. 1. The predicted 
curve lies consistently above the experimental points, 
showing that although the theory gives moderately 
good results it still requires improvement. 

G. GOOBERMAN 
Department of Electrical Engineering, 
Royal College of Advanced Technology, 
Salford. 
* Wada, Y., and Shimbo, 8., J. Acoust. Soc. Amer., 25, 549 (1953) 
*Gotleb, Y. Y., and Volkenshtein, M. V., Doklady Akad. Nauk. 
S.S.S.R., 89, 821 (1953) (Nat. Sci. Found. Translation 116). 


* Mikhailov, I. G., and Shagalova, L. A., Doklady Akad. Nauk,, 
S.S.S.R., 89, 829 (1953) (Nat. Sci. Found. Translation 117). ' 


Molar Sound Velocity in Molten 
Hydrated Salts 


From a systematic study of the temperature- 
variation of ultrasonic velocity and density in organic | 
liquids, Rao has found that the ratio of the tem- 
perature coefficients of the ultrasonic velocity and 
density is nearly equal to 3 for most organic liquids 
From this result he has deduced the relation: 


R = = (V3 


e 
where M is the molecular weight, e is the density, 
V is the ultrasonic velocity and R, known as molar) 
sound velocity, is characteristic of the liquid and is 
independent of temperature. Although Rao estab- 
lished this relation in the case of organic liquids, 
later workers? have extended it to several inorganic 
liquids and have shown that R is independent of 
temperature. In the present communication, results 
are given of the variation with temperature of ultra- 
sonic velocity in five molten hydrated salts. 

The substances studied were lead acetate, sodium 
acetate, sodium-—potassium tartrate, aluminium 
nitrate and calcium nitrate. For these substances} 
the ultrasonic velocities in the molten state have} 
been measured at various temperatures by using the | 
fixed path interferometer method*. The variation of} 
ultrasonic velocity with temperature for all salts # 
shown in Fig. 1. It will be seen that the variation | 
of ultrasonic velocity with temperature is non-linea | 
in all the salts except sodium acetate, which shows 4 
linear decrease with increase of temperature. Whil 
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investigating the variation of ultrasonic velocity with 
temperature in aqueous solutions of certain inorganic 
sulphates, Marks* found that the velocity—tempera- 
ture curves are similar to those of water but displaced 
towards lower temperatures with increase in con- 
centration. In the light of this earlier observation, 
the curves for the melts of sodium and lead acetates 
and calcium nitrate appear to be similar to the latter 
half of velocity-temperature curves of highly con- 
centrated aqueous solutions, the maxima of which 
have been displaced considerably towards lower 
temperatures. It is interesting to note that the 
velocities in molten lead acetate are less than that 
of water. This behaviour is similar to that of other 
aqueous solutions of lead salts, as reported by Barthel® 
and Krishnamurty*. The most unusual variation of 
ultrasonic velocity with temperature is observed in 
the case of double salt sodium-—potassium tartrate, 
which shows a maximum at 75°C. which is very 
near the temperature of maximum velocity of water. 
A similar maximum is observed less prominently 
in the of melt of aluminium nitrate. The 
behaviour of both these salts is unusual and needs 
further investigation in detail. 

The values of molar sound velocity R are calculated 
at different temperatures, and it is found that for 
each salt R is independent of temperature. The maxi- 
mum change, which is about 2 per cent, is observed 
only in the case of sodium—potassium tartrate. It 
may be noted that this temperature-independence 
of molar sound velocity has not been reported pre- 
viously. Considering the molten hydrated salt as a 
highly concentrated aqueous solution of the salt in 
its own water of hydration and assuming linear 
variation of R with concentration at least in the 


case 














2000r 1860 3000 
! \ 
i \ 
: t 
| | 
! \ 
118071820 42080 
— 
| \ 
I 
! ! 
| | 
é ! 
~ 60l1780 42060 
2 | os 
e : ! x 
- t ! = 
> i i s 
= ' 3 
+4 i s 
i140 i740} 42040 > 
! 
| 
! \ 
! 1 
| 
I | 
! i 
' 
1120/1700} 12020 
! 1 
i 
| i 
\ 
i ! 
r] ! 
% ' 
Hoot oo a] ! —_ 1 _ 12000 
60 70 80 90 100.—COC*SO) 


Temperature (°C.) 
Fig. 1. Variation of ultrasonic velocity with temperature in molten 
hydrated salts. @, Aluminium nitrate; x, sodium potassium 
tartrate ; calcium nitrate; ©, lead acetate; ©, sodium 
acetate 


NATURE 











695 
Table 1 
Computed 
Cm. R for R for de- | Computed value of 
Salt (per hydrated | hydrated’ value for | R for new 
cent) sal salt salt element 
Sodium 
acetate 25 315 634 6380 - 
Sodium- 
potassium 
tartrate 20 438 1,350 1,329 
Aluminium 
nitrate 10 295 1,060 - Al = 319 
Calcium 
nitrate 25 391 934 - Ca = 436 
Lead acetate 25 412 1,018 - Pb = 127 


higher concentration-range, the values of R for each 
salt are obtained by extrapolating to 100 per cent 
concentration and these values are given in Table 1. 
Computed values of R for the first three salts using 
previously estimated’ values of R for the individual 
elements showed good agreement with the experi- 
mental values, thus justifying the procedure adopted 
here for calculating R for the pure salts from those 
of molten hydrated salts. The values of R for 
the last three salts in Table 1 are utilized for cal- 
culating R values for the metals aluminium, calcium 
and lead and have been given in the last column. 
It may be noted that the values of R for these three 
metals are obtained for the first time. 

We are indebted to the Council of Scientific and 
Industrial Research for financial assistance of this 
research work. 

P. R. K. L. Papmrnt 
B. RAMACHANDRA Rao 


Ultrasonic Research Laboratories, 
Physics Department, 
Andhra University, 
Waltair. 


1 Rao, M. R., Ind. J. Phys., 14, 109 (1940). 

* Rao, H. S., D.Sc. thesis submitted to Andhra University. 

* Padmini, P. R. K. L., and Rao, B. R., communicated to J. Phys. 
Soe. (Japan). Rao, K.8., and Rao, B. R., J. Acous. Soc. Amer., 
$1, 431 (1959). 

‘Marks, W., J. Acous. Soc. Amer., 31, 936 (1959). 

® Barthel, R., J. Acous. Soc. Amer., 26, 227 (1954). 

* Krishnamurty, Bh., J. Sci. Indust. Res., 17, 216 (1958). 

7 Padmini, P. R. K. L., and Rao, B. R., communicated to Trans. Farad, 
Soc. (London). 


Neutron ‘Flux’ 


Mr. StrretTcH! objects to the use of the term 
‘neutron flux’ because the entity specified is a scalar, 
the movement of neutrons involved being random 
instead of a directed flow ; he contrasts this with the 
usage of the word ‘flux’ for a vector quantity. This 
usage, as in ‘heat flux’, is, however, already a degener- 
ate form. Though now often used with a vectorial 
meaning, ‘flux’ was originally a scalar, albeit derived 
from a vector. The original meaning, which is still 
the customary one in electrical theory, is ‘the surface 
integral of the normal component of a vector’, and 
this is a scalar. It is this mathematical concept, 
surely, that should be the standard of orthodoxy. 

The suggestion of replacing ‘neutron flux’ by 
‘neutron potential’ is open to the objection that it 
already has a different meaning when considering 
the interaction of a neutron with another particle. 

W. R. Harrer 
67 Burton Court, 
London, 8.W.3. 


1 stretch, K. L., Nature, 191, 60 (1961). 
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MINERALOGY 
Basic Dyestuffs in Clay Mineralogy 


Basic dyestuffs are adsorbed on clay minerals by 
cation exchange reaction. The amount of dye 
adsorbed! and the resulting colour transformations? 
provide a possible basis for identifying clay minerals, 
but they are not very reliable. We have found that 
clay mineral —dye complexes exhibit characteristic 
thermograms and this method may possibly be 
applicable to the identification of clay mineral. 
Certain clay minerals which exhibit similar thermo- 
grams can be differentiated by the thermograms 
of their dye complexes. 

Four types of clay minerals, namely, kaolinite, 
illite, nontronite and montmorillonite, were each 
treated with excess of aqueous solution of malachite 
green, methylene blue, methyl violet or piperidine. 
The unadsorbed organic material was removed by 
filtration and thorough washing. Thermograms were 
obtained by carrying out the differential thermal 
analysis of the complexes semi-automatically, using 
a Leeds and Northrup programme controller. The 
rate of heating was maintained at 10 deg. C./min. 

Thermograms of kaolinite, illite, nontronite and 
montmorillonite with three basic dyestuffs, namely, 
malachite green, methylene blue and methyl violet, 
have been investigated. Differential thermal analyses 
of piperidine complexes of clay minerals have also 
been carried out for comparison. All the complexes 
exhibit low-temperature exothermic peaks at about 
100° C. smaller than those of the untreated samples. 
The organic matter probably occupies the spaces 
normally held by the water molecules. 

Kaolinite-dye complexes exhibit a small unmis- 
takable exothermal dent between 350° and 435° C. 
due to the oxidation of a small amount of dye adsorbed 
by base-exchange reaction. The exothermic peak of 
kaolinite-malachite green complex is much more 
intense than the other kaolinite complexes, because 
malachite green is adsorbed to a greater extent than 
other dyestuffs. 

Illite - dye complexes (Fig. la) show two intense 
exothermic peaks between 200° and 500° C. Non- 
tronite and montmorillonite —dye complexes (Fig. 
1b) show three exothermic peaks, two of pronounced 
intensities. 

The second exothermic peak in illite-complexes at 
460°—470° C. is less intense than that of nontronite- 
complexes occurring at about 600° C.  Lllites can 
be differentiated readily from nontronites by the 
second exothermic peak. 

In montmorillonite -dye complexes, the higher- 
temperature exothermic peak at 650°-670° C. serves 
to differentiate montmorillonites from nontronites 
and illites, in which it occurs at about 600° C. and 
460°—470° C. respectively. 

From differential thermal analysis and thermo- 
gravimetric analysis it is concluded that low-tempera- 
ture exothermic peaks are caused by oxidation of the 
dye molecules adsorbed on the edges of the clay 
minerals, while the high-temperature exothermic 
peaks are due to oxidation of dye molecules adsorbed 
in the interlayer. 

Thus differential thermal analysis of clay mineral — 
dye complexes provides a more efficient method of 
identifying clay minerals than that of the clay 
mineral — piperidine complexes suggested by Allaway®, 
Byrne* and Carthew®. Such complexes exhibit 
pronounced exothermal inflexions. In addition, the 
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Wuire!, in a review of the thermal waters of | cont 
voleanic origin, pointed out the problem of springs | of ¢ 
with a large flow of acid—sulphate—chloride water, such } sulp 
as Frying Pan Lake (or more correctly, Echo Crater) | of t 


in the Waimangu area of the Rotorua-Taupo graben. 
This has a daily discharge of 800 kgm. of sulphuric 
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acid. White remarked that the surface oxidation of 
hydrogen sulphide to sulphuric acid in the type of 
porous ground favourable to this process could 
account for only an insignificant part of the total 
production of sulphuric acid. Typical hot under- 
ground chloride water, as at Wairakei, is nearly 
neutral in reaction, and it seems unlikely that water 
appreciably acid could be stored underground 
without attack on the country rock. This communi- 
cation suggests an explanation for the high-output 
acid-sulphate-chloride type of spring. 

The second dissociation constant cf sulphuric acid 
falls rapidly with rise of temperature. From data 
given by Noyes? from conductance determinations on 
0-01 molar sulphuric acid up to 218° C., it appears that 
the second dissociation constant for 0-01 molar acid 
rises from approximately 5 x 10-* at 250° C. to 0-019 
at 20° C. If the water is neutral at 250° C., it will 
become acid at ordinary temperatures owing to 
increased dissociation of bisulphate by the reaction 
HSO,- = H~ + SO,?-. The fall in pH due to this 
will outweigh the effect of the loss of carbon dioxide 
in the steam escaping from water reaching the 


surface. Fhis means that sulphate waters which 
are neutral in pH underground at elevated tem- 
peratures can become waters of low pH at the 
surface. 


Recently, chemical data have become available for 
the Rotokawa thermal area, about five miles east of 
Wairakei. This is an area with waters of acid charac- 
ter (pH about 2-5) containing both chloride and 
sulphate. Analyses of a number of hot-spring waters 
from Rotokawa indicate that there are two water 
types having chloride contents of 1,600 and .750 
p.p.m. and sulphate contents of 400 and 1,000 p.p.m., 
respectively. The ionic ratios, chloride/sulphate, are 
about 10 and about 2 respectively. If the sulphate 
were of surface origin a random distribution of ratios 
would be expected. It is thought that both waters are 
supplied from deep underground sources. 

It can be calculated for the Rotokawa examples 
that the pH of deep neutral waters (pH 5-65) at 250° 
C., containing 270 p.p.m. and 700 p.p.m. of total 
sulphate, would, after losing 30 per cent of steam at 
the surface, and cooling to 20° C., change in pH to 
2-95 and 2-6 respectively. This is on the assumption 
that the content of bicarbonate in the underground 
water can be neglected. These pH values can be 
compared with those for a number of Rotokawa 
spring waters of low ammonia content. Three of the 
low-sulphate type had an average pH of 2-9 + 0-4, 
and seven of the high-sulphate type had an average 
pH of 2-3 + 0-15. 

It seems, therefore, that some areas of acid springs 

of mixed chloride-su]phate water do not differ essenti- 
ally in their origin from areas with springs of so-called 
‘alkaline’ water (better termed chloride water). As 
there has not been any drilling at Rotokawa, it is not 
possible to obtain the ratio of ehloride to total sulphur 
that is, to sulphur both as hydrogen sulphide and as 
the sulphate) in the underground water but from the 
sulphate content alone it is at most 10. At Wairakei 
the ratio is 60. From other areas it is known that there 
are large differences in the ratios of chloride to boric 
acid, carbon dioxide, ete. 

Hence the occurrence of waters of high sulphate 
content and low pH involves two problems: first that 
of the presence of a large amount of sulphur as 
sulphate (though not necessarily a larger proportion 
of the total sulphur), and secondly that of the low 
tatio of chloride to total sulphur. 
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Two possible mechanisms for producing chloride 
water high in sulphate can be suggested. First, the 
waters could result from the reaction of hydrothermal 
solutions with old sulphur deposits formed by oxida- 
tion of hydrogen sulphide near the surface, and buried 
by later volcanic activity. Disproportionation of 
sulphur in neutral solutions to sulphate and sulphide 
is predicted by thermodynamic information? and 
occurs readily in the laboratory. 

The second mechanism is that hydrogen sulphide 
is oxidized to sulphate by ferric iron in the rocks. If 
the partial pressure of hydrogen in water in contact 
with iron-containing rocks is defined by the co- 
existence of hematite and magnetite, for equilibrium 
at temperatures over 250° C. in waters of neutral pH 
the sulphate /sulphide ratio is high?. This assumes that 
conditions prevailing correspend to a point on the 
phase diagram‘ where iron oxides rather than 
sulphides are the stable phases. For this to be the 
ease at the likely hydrogen sulphide pressures of 
around 10-* atmosphere, high temperatures probably 
more than 300° C. are necessary. Although iron 
sulphides become stable at lower temperatures as the 
water approaches the surface and loses steam, rever- 
sion of sulphate to sulphide is a slow process, and will 
not cause the loss of much sulphur from solution. 

The first process would explain the low ratio 
chloride /total sulphur but is a less-likely occurrence. 
The second explanation makes the problem, apart 
from the possible requirement of high temperature, 
part of the general problem of the occurrence of deep 
chloride waters with great differences in the ratios of 
chloride to total sulphur, te carbon dioxide, to boric 
acid and to fluoride. 

The analyses of the waters were made by Mr. 
W. A. J. Mahon, of the Dominion Laboratory. 

A. J. ELLs 

Dominion Laboratory, 

S. H. Witsen 

Institute of Nuclear Sciences, 

Department of Scientific and 

Industrial Research, 
Wellington, New Zealand. 
? White, D. E., Bull. Geol. Soc. Amer., 68, 1637 (1957). 
“ Noyes, A. A., The Electrical Conductivity of Aqueous Solutions, 279 
(Washington, D.C., 1907). 


* Barnes, H. L., Carnegie Inst. Washington Year Book, 57, 237 (Wash- 
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BIOPHYSICS 


An Invariant Casein Substrate for 
Rennet Standardization, derivable from 
Diverse Sources of Cows’ Milk 


WHEN rennin or commercial rennets (impure 
rennins) cause milk to coagulate, it is well known that 
the primary enzyme action consists in decomposing a 
part only of the casein, known as x-casein'. Later, 
either through the activity of the products of decom- 
position or through loss of protective action, the 
casein aggregates and finally a gel (curd) is formed. 

We have recently shown? that the initial decomposi- 
tion as indicated by the fall in viscosity (Ostwald 
viscometer) follows a first-order equation under 
normal conditions. (At the concentrations used, all 
solutions are Newtonian.) The logarithmic reaction 
constant (k) is proportional to enzyme concentration 
when pure crystalline rennin is used, but varies as a 
power (N < 1) of the concentration for commercial 
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Fig. 1. Guggenheim curves for fall in viscosity of sodium caseinate 
from various milk sources: rennet A. , Jersey; A. Friesian; 
Ayrshire; , bulk milk A; @, bulk milk B 


rennets. 
the rennet whereas k should give a measure of its 
activity. This latter may be high even for impure 
rennets, due to the presence of enzymes other than 
rennin. The problem is to find a reproducible sub- 
strate against which to compare different rennets. 
since milk, being a biological fluid, does not have a 
fixed composition; for example, milks may well differ 
in their proportions of x-casein. The question is 
whether the composition of the x-casein also varies. 

We have found it possible to prepare sodium 
caseinates from milks not only from different herds 
but also from different breeds of cow, which give. 
within the limits of experimental error, the same value 
of k for any one rennet but, in general, different values 
for different rennets. These caseinates have the 
additional advantage that they show no appreciable 
aggregation. 

The caseinate is prepared by finely precipitating it 
from fat-free milk at the isoelectric point (pH 4-7) 
with N hydrochloric acid. and then removing as much 
as pt ssible of the soluble milk components by frequent 
washing and filtering. The acid casein is dissolved by 
the slow addition of 0-5 N sodium hydroxide, and 
vigorous stirring, taking care that the mixture does 
not become alkaline. Stirring is continued for at 
least 2 hr., with excessive acid casein present, before 
the concentrated sodium caseinate solution, which 
should now have a pH of 6-2-6 -4, is filtered and freeze- 
dried. The experimental samples. made up from the 
freeze-dried sodium caseinate, are adjusted for pH 
and then heated to 80° C. for 5 min. to destroy the 
natural proteases. They are then kept for another 
24 hr. in the cold to regain their normal viscosity. 
reduced during the heating. Before use it is also 
desirable to filter the substrate through suitable 
sinter-glass without suction. Unless these precautions 
are taken in preparing the caseinates, the values of k 
for different samples, using the same rennet, may 
differ considerably. 

To determine k, a smooth curve is drawn by inspec- 
tion through the graph of ysp/time (where jsp is the 
specific viscosity). There are normally some 20 points 
on each experimental curve. The time zero is the 
moment when rennet is added. Differences of 
(A nsp) corresponding to a standard time-interval 
(A t) are determined, following Guggenheim’s method?. 
The slopes of the Guggenheim curves, plotting log 
(A asp) against t. give the values of k, only with a 


Tsp 


change of sign. 
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The positions of the curves would depend on the 
proportional falls in viscosity produced by the 
enzymes, that is, on the concentrations of x-casein, 
except that, since viscosity does not vary linearly 
with caseinate concentration, an empirical adjustment 
is made to give the different samples approximately 
the same initial viscosities. Since the contribution of 
the products of decomposition of x-casein to the total 
viscosity is not known, the proportion of x-casein 
cannot be directly calculated, though it appears to 
be at least 20 per cent, and often more, that 
considerably higher than was previously supposed', 
In Fig. 1 are shown a number of Guggenheim curves 
for sodium caseinates prepared from milks from 
different breeds and from mixed herds. It is clear that 
for some 50 min. at least, the reaction is very close to 
first-order. If the experiments are prolonged, the 
curves tend to deviate from linearity. 


is, 


Table 1 
kx 10' sec.-* 
Source of caseinate 
(cows’ milk) 


Rennet A Rennet B 





Jersey 4-06 3-83 
Ayrshire 4-01 3-37 
Friesian 4:09 3-89 
Bulk A 4-19 3-94 
Bulk B 4-14 
Bulk C 4-05 
Bulk D 4-09 
Mean 4-09 
Standard deviation 0-0597 0-0458 


In Table 1 are given values for ’. together with their 
means and standard deviations, for caseinates from 
seven milks for two well-known brands of commercial 
rennet. Rennet A has a higher value of N and is 
known to be purer in rennin than is rennet B, but 
both are considered satisfactory for cheese manu- 
facture. 
We conclude that sodium caseinate, prepared as 
described, may be reproduced from milks from widely 
different sources and hence probably over long 
periods of time. The value of & for a particular 
rennet should thus provide a stable index of its 
activity. 
A full account of this work. including details of 
experimental conditions, will be submitted, in due 
course, for publication (J. Dairy Res.). 
We are indebted to our colleagues at the Institute 
for many helpful discussions. 
G. W. Scotrr Brarr 
J. C. Oostuvizen* 
National Institute for Research 
in Dairying, 
University of Reading. 

address: Glen College of Agriculture, Orange Free 

Africa. 

and Hippel, P. H. 
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State, South 
‘Waugh, D. F. 

(1956). 
*Scott Blair, G. 
165 (1961). 
* Guggenheim, E. 


von, J. Amer. Chem. Soc., 78, 4576 


W., and Oosthuizen, J. C., J. Dairy Res., 28 (2 


A., Phil. Mag. (7th Ser.), 2, 538 (1926). 


Changes of Permeability of Yeast with 
Sodium Deoxycholate 


UNDERSTANDING of the phenomenon 
permeability depends on detailed knowledge of the 
structure of the cell membrane. But the morpho- 
logical and chemical organization of the cell membrane 
is still largely unknown. Study of the mechanism of 
action of detergents on the cell may represent one ol 
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Fig. }. Effect of deoxycholate on the dehydrogenase activity. in- 


organic phosphate released and viability in a suspension of yeast. 
Baker’s veast (11:7 mgm. dry weight/ml.) was incubated in 
0-04 M tris-hydrochloric acid pH 7-5 with 0-006 M_ sodium 
deoxycholate at 27°C.; at suitable intervals. the medium was 
analysed for inorganic phosphate and the cells for succinic dehydro- 
genase activity. A portion of the cells was diluted and plated on 
Petri dishes with a synthetic medium; from the number of 
colonies the fraction of dead cells was calculated. a : @, Dehydro- 
genase activity without added substrate; . succinic dehydro- 
genase activity; 0b: . inorganic phosphate released from the 
cells (per cent) (released by extraction with 10 per cent trichlor- 
acetic acid = 100 per cent); +, dead cells (percentage of total) 


the suitable ways for the solving of this problem. 


From this point of view, the mechanism of action of 


deoxycholate on the yeast cell was investigated. 


The intact yeast cells are not permeable to ions of 


dicarboxylic acids or to ferricyanide, hence no 
suecinic dehydrogenase activity with ferricyanide as 
an electron acceptor can be demonstrated in the 
suspension of intact yeast cells. If deoxycholate is 
put into such a suspension, succinic dehydrogenase 
activity can be measured after a certain lag period ; 
this means that in the presence of deoxycholate the 
cells become permeable. This effect of deoxycholate 
on the permeability is strongly dependent on tem- 
perature. increasing at higher temperature. The effect 
is enhanced by the lowering of pH (down to the point 
where the insoluble acid is precipitated) and by 
increasing ionic strength. 

The dependence of the effect on the concentration 
of deoxycholate has a sigmoidal character. Under the 
experimental conditions used (see legend to Fig. 1), 
concentrations lower than 0-002 M were ineffective ; 
at 0-005 M the effect was already maximal. At lower 
pH or higher ionic strength, the deoxycholate was 
effective even at lower concentrations. 

Fig. 1 shows a time-course of the change in per- 
meability of the cells incubated in the presence of 
deoxycholate, as measured by succinic dehydrogenase 
activity. The inorganic phosphate released from the 
cells and the viability of the cells are also plotted. 
Activity of snecinie dehydrogenase reaches a maxi- 
mum and then diminishes because of irreversible 
inactivation. Most striking is the fact that. while the 
loss of inorganic phosphate runs parallel to the loss of 
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viability, which indicates that inorganic phosphate is 
released from the dead cells only. in a certain definite 
phase only about 20-30 per cent of cells are dead, 
while the succinic dehydrogenase activity measured 
is already a maximum. This suggests that part of the 
cells with the loose permeability barrier may be 
viable. This is supported, too. by the following 
observation : when the cells were pre-incubated with 
deoxycholate for such a time as to show almost a 
maximal or just a maximal succinic dehydrogenase 
activity and then washed with water. they did not 
show any, or only a very weak, succinic dehydrogenase 
activity, if deoxycholate were omitted from the test 
mixture. Thus, the action of deoxycholate may be, 
at least partly, reversible. 

Recently, evidence has been provided by X-ray 
diffraction investigations', and direct observation by 
electron microscopy?, that, under appropriate con- 
ditions, deoxycholate aggregates in solution to form 
a complex of macromolecular dimensions. the mole- 
cules assuming an elongated helical configuration. 
The dependence of the formation of these complexes 
on pH, on ionic strength and on the concentration of 
deoxycholate® is strikingly similar to the dependence 
of the changes of yeast permeability with deoxycho- 
late on the above factors. This suggests strongly that 
the marked biological effect of deoxycholate, at least 
so far as its effect on yeast permeability is concerned, 
may be due to its ability to form helical fibre com- 
plexes. In these fibres, the hydrophobic steroid part 
of the molecule appears to be located inwardly, 
negatively charged carboxyl groups being on the 
surface. This seems to exclude the possibility that the 
molecules of deoxycholate would be oriented with 
their hydrophobic parts to the surface of the cell 
membrane and that the primary action of deoxy- 
cholate would be related to lowering of the surface 
tension. Rather there might exist another type of 
interaction, for example, similar to that which has 
been described recently by Lawrence‘, to explain the 
cleaning action of ionic detergents; that is. the 
interaction of the polar part of the deoxycholate 
complex with polar groups on the cell surface which 
would result in the formation of the ternary mixture, 
namely, polar part of deoxycholate/water/polar 
groups of the cell surface, followed by loosening of 
some components of the membrane, which are 
responsible for its permeability barrier. 

L. Kovit 

Department of Organic Chemistry 

and Biochemistry. 
Komensky University, 
Bratislava, Czechoslovakia 
1 Rich, A.. and Blow, D. M., Nature, 182, 423 (1958). 


McCrea. J. F., Angerer, S., Biochim. Biophys. Acta, 42, 355 
(1960), 


> Blow, D. M., and Rich, A., J. Amer. Chem. Soc., 82, 3566 (1960). 
* Lawrence, A. 8. C., Nature, 183, 1491 (1959). 
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CHEMISTRY 


Discreteness-of-Charge Effect and 
the Stability Theory of Colloids 


AccorRDING to the stability theory of hydrophobic 
colloids of Derjaguin and Landau! and Verwey and 
Overbeek? (D.L.V.O. theory) the electrolyte concen- 
tration required to produce coagulation increases with 
the surface potential of the colloidal particles. 
However, for silver halide sols, the electrolyte con- 
centration increases with surface potential for uni- 
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valent flocculating ions, either decreases or remains 
for divalent ions and 
‘. This can be explained 
the so- 


approximately unchanged 
decreases for trivalent ions* 
by incorporating into the D.L.V.O. theory 
called discreteness-of-charge effect>-§ 

Using the electric double-layer model of Grahame* 
and Devanathan'® for a_ plate-like particle. an 
‘inner region’ of oriented water dipoles, of thick- 
ness d(~5 A.) and dielectric constant ¢, (~ 10-20), is 
assumed to lie between the particle medium and the 
dispersion medium, of dielectric constants ¢p and 
=< (~80), respectively. The volume density in the 
dispersion medium of the potential-determining ions, 
which constitute the charge on the particle wall and 
are negative, is small compared with the correspond- 
ing density n of the coagulating electrolyte of a z-z 
valency type. A layer of cations, valency z, is absorbed 
on the inner Helmholtz plane (I.H.P.), inside the 
inner region at a distance 8<d from the plate wall. 
The outer Helmholtz plane (O.H.P.), at distance d 
from the wall, is the boundary between the inner 
region and the diffuse layer. The two zones of the 
inner region of thicknesses 8 and y = d-§8 act as 
condensers of capacities Kd/3 and Kd/y per unit area, 
where K = ¢,/4nd. The mean electrostatic potentials 
at the wall, the I.H.P. and the O.H.P., are denoted by 
vo. Ug and qa respectively. Also o, and og are the 
mean surface densities at the wall and the [.H.P. Then 
we have the relations : vs Ba,/Kd, vg 
+(So cg)/Ka.Fo + 58 + Ca 0, where oq is the total 
charge in a column of the diffuse layer of unit cross- 
Applying the Gouy—Chapman theory to 


Yo “Ya 


section. 

the diffuse layer: 
(2nekT\112 | (1 zevg 

sinh\ 3 LT 

where k. T and e have their usual meanings. 

In the Stern theory of the double layer the energy 
of adsorption of the cation consists of a chemical 
term and an electrostatic term ze}g and the discrete 
nature of the ionic charge is ignored. In allowing for 
this effect, the Soviet authors*-*:* neglect the thermal 
motion of the adsorbed cations and replace the 
continuous charge distribution by a hexagonal array 
of discrete ionic charges. We adopt a simpler ‘cut-off’ 
approximation, suggested by Grahame’, which is 
equivalent in principle. Each adsorbed cation 
regarded as the centre of a circular area in the I.H.P. 
from which the uniform charge density og is removed, 
of radius r, such that x7r»°og By considering 
the multiple electrostatic image reflexions in the plane 
of the plate wall and in the O.H.P., where the dielectric 
constant is discontinuous, the resulting change in the 
potential at the centre of the adsorbed cation can be 


Ga 


Is 


ze. 


expressed very nearly as : 


? ‘ 
8 Kd? 953 


where g is a factor depending on ¢. ¢,. ¢p and n. 
If ¢, < e,ey then g = 1, but in general g>1. The 
potential os iS @ two-dimensional analogue of the 
self-atmosphere potential in the Debye—Hickel 
theory of electrolytes. The contribution zegg to the 
energy of adsorption is not small and is responsible 
for the apparent variation of the specific adsorption 
energy with surface charge at the mercury-aqueous 
electrolyte interface’. 

If each adsorbed ion, retaining a portion of its 
hydration shell, occupies s adsorption sites, then 
employing the volume fraction statistics of Flory"! 
Huggins'*, the Stern adsorption isotherm 
read : 


Is 


and 
modified 


to 
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kT inf{o3/(1 -~kTlnn +C 
where .V; is the number of adsorption sites per unit 
area and C is a constant which includes the chemical 
term in the adsorption energy. From these relation. 
ships maxima in both and are found at 
= 63("), where : 


ze\yB + 9p) 


863 N 5ze)*] 


3 Ya 


Leys | 


> ( ) ’ ao) .: > 
863 m N ete l S( 2 


n) 
oe " [ l 


The electrostatic work of adsorption of a cation is 


— z2e(Ug ~3), which increases steadily with plate 
potential. When the ratio r 63/03°") < 1, both 
vg} and |¥a! increase with {Y,|, but at larger 


coverages (r> 1) the variation of 93 with vy pre. 





dominates, causing (|Yg| and, therefore, [Ya], to 
diminish. A maximum in |¥g| was found experi- 
mentaily at the mercury-electrolyte interface!’. 
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Consider now two parallel plates of infinite thick- 
ness. If the potential distributions in the interpene- 
trating diffuse layers are linearly superposed, the 
coagulation condition becomes : 


23(kT)5 


t zeva\ 
(ze)®A2 


4 kT / 

where A is the constant in the van der Waals inter- 
action energy. In the D.L.V.O. theory vg is replaced 
by Y,» and, for large enough », ” is proportional to 
z~*, a simple version of the Schulze—Hardy rule. In 
the typical plot of ¢* vs. ¥o, by proper choice of C for 
z = 1, 2 and 3 this inverse sixth power rule is obeyed 
at zevg/kT = 2 andr = 2 for z = 2, where the three 
curves have a common intersection point = 
51-4 mV. if z l and T = 25° C.). Also g 1-5, 
= 2 x 10-* erg. cm.*, K 30 uF./em.*, N; = 
1/4,¢ = 78-5ands = 
1, 2 and 3; the corresponding 
2-84, 1:49 and 1-01 ueoul./em." 
of the dependence of coagulating 
plate potential is reproduced 
1, r21 for z = 2 and 


n = 107 ‘ ¢t tanh 


(Ya 


oe 


5 x 10'*/em.?, y/d = 
respectively for z 
values of og(”) are 
The general trend 
concentration on 
theoretically when r < 1 for z 
r > 1 forz = 3. 
Furthermore, deviations from the 
power rule can occur, in agreement with experiment 
The maximum in the Jg—, curve, which is essential 
to the theory, is not obtained if the self-atmospher 
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potential 93 is omitted. Various refinements, such as 
variation of K and y/d with z and , and a correction 
to the van der Waals energy due to the difference 
between the medium of the inner region and the 
particle medium, should not affect the general 
argument. 

Part of the work by one of us (S. L.) was carried 
out at the National Research Council, Ottawa. 
Canada. 

S. LEVINE 
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Permeation of Gaseous Oxygen through 
Vitreous Silica 

THE permeation of gaseous oxygen through 
vitreous silica has been measured over the tempera- 
ture-rrange 950°-1,080° C. in a_ permeation cell 
constructed with two portions separated by a thin- 
walled spherical bulb with a short neck. The bulb was 
25 mm. outside diameter, and served as the membrane 
of vitreous silica ; its area was 18-9 em.? and thick- 


ness 0-27 mm. The thickness was determined from 
electrical capacitance measurements. The silica 


was used as blown; and no cleaning was done with 
hydrofluoric acid. The oxygen pressure, 300-800 mm. 
mercury, was applied to the convex side of the bulb. 
The low-pressure side led directly to a mass spectro- 
meter with no leak intervening. The rate of permea- 
tion of gas was measured’, in this case by the peak 
height of mass 32. It was assured that true perme- 
ation, and not merely degassing, was being measured 
by: (1) observing the slow rise of the oxygen peak 
after application of oxygen to the high-pressure side, 
(2) attainment of steady-state flow and then, (3) slow 
decay of the peak after the gas was removed from the 
high-pressure side. 

The experimental values of rate of permeation 
P on an Arrhenius-type plot of log P against 1/T 
yielded a good straight line, giving the results shown 
in Table 1. The units of P are those used by Barrer? ; 
cm.? gas (S.T.P.) per sec. for 1 mm. thickness per 
cm.* area per cm. mercury difference of gas pressure. 


Table 1 


Temperature (° C.) Rate of permeation 
P 


900 9-00 x 10- 
950 1-25 x 10-™ 
1,000 1-85 x 10-™ 
1,050 2-50 x 10-™* 
1,100 3°50 x 10-"* 
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From the slope of this plot an activation energy of 
permeation of 22,000 cal. per mole was derived. 
The lag method of Daynes* and Barrer? is ideally 


adapted for the mass spectrometer to measure the 


rate of attainment of steady-state flow. By this 
method the diffusion constant D, in em.?/sec., was 
found to be 1-2 10-§ at 1,078° C. and 4-2 10-* at 


950° C., yielding diffusion activation energy of 27,000 
eal. for oxygen in vitreous silica. The lag time at 
950° C. for the steady state was slightly more than 
8 hr. in this particular cell with a wall 0-27 mm. thick. 

The solubility was derived from the relationship 
S = 7-6 P/D, and found to be 1-9 10-* at 1,078° C. 
and 2- 10-$ at 950°C. The units are em.? gas 
(S.T.P.) per em.* solid for 76 em. gas pressure applied. 

The fact that molecular oxygen is the diffusing 
species is indicated by the observation that the 
rate of permeation was proportional to the first 
power of the pressure. 


Francis J. NORTON 
General Electric Research Laboratory, 
Schenectady, New York. 
? Norton, F. J., J. Amer. Ceramic Soc., 36, 90 (1953). Swets, D. E., 


Lee, R. W., and Frank, R. C., J. Chem. Phys., 34, 17 (1961). 
* Barrer, R. M., Diffusion in and through Solids, 133 and 217 (Camb, 
Univ. Press, 1951). 


* Daynes, H., Proc. Roy. Soc., A, 97, 286 (1920). 


Aniline Oxidation initiated by Ultrasonic 
Waves 
IN order to explain the chemical processes occurring 
in the ultrasonic field, Lindstrém and Lamm! assumed 
that the principal reaction occurring during the 
ultrasonic treatment of water is its decomposition 
into radicals: 


H.O = H + OH 


By means of this reaction it is possible to explain a 
number of chemical processes*-*, the oxidation of 
aniline included. 

Aniline solutions (0-5, 1, 2 and 3 per cent, Merck) 
were used. All the solutions were prepared in redis- 
tilled water. The ultrasonic treatment was carried 
out in identical chemical vessels, containing 50 ml. 
of the desired aniline solution. A magnetostrictive 
transducer of 5-1 em.? radiation area was cooled by 
air in such a manner that the initial solution tempera- 
ture (17°-18° C.) rose only by 4°—7° C., in accordance 
with the duration of the ultrasonic treatment. All 
the solutions were treated with the waves of 21- 
ke./see. frequency and electric power of about 4-5 
W./ml. of the solution. 

All the aniline solutions of the appropriate concen- 
tration were treated with ultrasonic waves during 2 
min. In the course of the treatment minute oxygen 
bubbles were let through every solution (about 35-40 
bubbles per min.). After the treatment the solutions 
were poured into small calibrated cylinders with 
ground-in stoppers. 

In the course of the observations it was found that 
the aqueous aniline solutions ferm different oxidation 
products after treatment as shown in Table 1. 


Table 1 
Aniline solution Ultrasonic treatment 
concentration (per cent) duration Colour of dye 
0-5 2 min. violet 
1-0 * violet-blue 
2-0 as orange 
3-0 a black shot with green 
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The violet dye obtained does not change under the 
influence of hydrochloric acid. Potassium hydroxide 
solution changes the colour of the dye to brown, but 
after acidification with hydrochloric acid it regains 
its violet colour. The violet-blue dye showed no 
changes under the influence of 6 per cent hydrogen 
peroxide solution. It separates on a filter paper into 
two layers: an external one of violet colouring and 
an internal one of black colouring shot with green. 
Neither of the dyes, violet and violet-blue, has been 
identified, but it is possible that they are derivatives 
of p-benzoquinone of an undetermined structure. 

The orange dve has been identified as azobenzene, 
easily soluble in alcohol and especially in ether. 

Concerning the azobenzene-forming mechanism 
in the ultrasonic field. it is necessary to assume first 
that «aniline in aqueous solution decomposes into 
radicals 


NH and N 


which. being in an unsaturated state. react with each 
other according te the equations: 


NH - NH N--N 


and 


N N XN=N 
It is most probable that during the _ ultrasonic 
treatment of the aniline solutions in the presence of 
oxygen, hydrazobenzene is formed first. and is then 
readily oxidized by means of —OH or (OH.,) radicals. 
according to the equation: 


N—N + OH N=N 

H H - H,O- H 
and: 

Nn’ ‘+ HO, N=N 

H H H,O + OH 


Reaction between the radicals is also possible. thus: 


NH 
HO -—N=N 
NH 
H,O . OH 


The black dye shot with green has proved to be a 
mixture of green dyes, the products containing less- 
oxidized aniline, and aniline black, not turning green 
when treated with hydrochloric acid. 

The same quantities of the 3 per cent aniline solu- 
tion were treated with ultrasonic waves during 1. 2 
3 and 4 min. respectively, at the temperature 17 
18°C. During the treatment. oxygen was let through 
the solution at the rate of about 35—40 bubbles per 
min. 

In the course of the observations it was found that 
aqueous aniline solutions, during a short treatment 

1-2 min.), formed mainly green products, probably 
emeraldine, nigraniline, and pernigraniline. After 
a longer treatment (3-4 min.) aniline black (not 


turning green) was mainly obtained as a_ poly. 
molecular product contaiming numerous quinonoid } 
bonds. 

In the course of oxidation of aqueous aniline solu. 
tions it was found that an increase in the molecular 
pressure of oxygen did not lead to a rise in the 
oxidation effect. 

WikToR WAWRZYCZEK 


General Chemistry Department. ’ 
Higher School of Agriculture, = 
Olsztyn, Poland. q 
' Lindstrém, O., and Lamm, O., J. Phys. Colloid Chem., 55, 113 
(1951). 
?Grabar, P., and Prudhomme, R. O., C.R. Acad. Sci., Paris, 226 
1821 (1948). 
3 Henglein, A., and Schulz, R., Z. Naturforsch., 8b, 227 (1953) 
* Guéguen, H., Bull. Soc. chim. (France), 2, 302 (1959); 7-8, 1254 
(1959). ) 


Rust, H. H., Angew. Chem., 64, 162 (1952); 65, 249 (1953). 
* Lindstrém, O., J. Acoust. Soc. Amer. 27, 654 (1955). 


Electron Affinity of the Acceptor Molecule 


in Charge-Transfer Complexes | 
WHEREAS the influence of the structure of the Fi 
donecr molecule in charge-transfer complexes on the } x 

stability and spectroscopic behaviour of these 

complexes has been investigated extensively, the role 
of the electron acceptor has been much less studied. pot 
One reason for this emphasis is the lack of measure-| one 
ments of a parameter related to the electron affinity wot 
of the acceptor molecule, in contrast to the fairly pla 
readily available ionization potentials of the donors. Fig. 
It has been shown for alternant aromatic hydro-) gor 
carbons that the one-electron polarographic half. exp 
wave potentials measured under conditions such that pyr 
the mono-negative ions are virtually unprotonated resp 
are directly related to the energy of the lowest men 
unoccupied molecular orbitals and hence the electron tetr: 


affinities of these molecules'. In general this may be § red: 
expected to hold for any x-system, and the half-wave furt 


potential will at least be a measure of the readiness Tl 
of the system to accept an electron®. the 
A series of measurements has been carried out on) ~— 9 
well-known acceptors using acetonitrile and dimethyl- step: 
formamide as solvents; the polarographic character- | that 
istics of hydrocarbons and quinones are well estab- | ghar 
lished under these conditions?. The results given in 
Table 1 show the potential of the first one-electron Table 
addition ; in each case it was confirmed by a.. ADDI 


polarography and conventional means that the 
electron addition is sufficiently rapid not to require 
a measurable over-voltage and that no _ proton 
addition occurs. These compounds show a second 
one-electron step, some 0-8 V. more negative than the 
first; for simplicity this has not been included in| — 
Table 1. The figures in Table 1 are, in general, : 


clearly in the expected order for complexing ability™, Tetr 
the stronger complexing agents having the more a 
positive potentials. The results for the two solvents p-Be 
are practically identical. The difference in complex: Hs 
ing ability between chloranil and quinone is well 9:1 
brought out in contrast with a comparison of their — 
conventional redox potentials (689 and 700 mYV.). Male 
This method would thus appear to be at least a useful en 
means of comparing acceptor-strengths. An indica- i 

tion that the series may provide more than a qualita- * In 
tive comparison of acceptor strengths is provided in f Sor 
Fig. 1 in which the change in free energy for complex ie 
formation with pyrene. determined spectroscopically‘, xR. 


is plotted against the polarographic half-wave 
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f the Fig. 1. Change in free energy of a series of complexes with 
yrene (ref. 4) as a function of the half-wave potential of the 
n the } seeepeer. 1, Maleic anhydride; 2, p-benzoquinone; 3, chloranil; 
these 4, tetracyanoethylene 
e role 
idied. | —_ potential of the acceptor. Other factors being equal, 
asure-| one would expect that the change in free energy 
ffinity would be directly related to the energy required to 
fairly place an electron in the acceptor molecule. From 
onors. Fig. 1 it would appear that the maleic anhydride 
iydro-) complex has a greater stability than would be 
half. expected from the half-wave potential of this acceptor ; 


n that | pyromellitie dianhydride is also exceptional in this 
mated | respect as it is claimed from spectroscopic measure- 


owest ments® that its complexing ability is close to that of 
>ctron tetracyanoethylene. An investigation into the 
ay be | reduction processes of anhydrides is in hand to see if 
wave further light can be thrown on this apparent anomaly. 
dliness The potentials of the second one-electron steps of 
the first three compounds in Table 1 lie at — 0-31, 
ut on) — 0-75 and — 0-80 V., in the region of the first 
ethyl- steps for moderately strong acceptors. This suggests 
‘acter-| that it may be possible for a second electron to be 
estab-| shared with these molecules. This would apply 
ven in 
ectron 2 


Table 1. HALF-WAVE POTENTIALS AT 25° OF THE FIRST ONE-ELECTRON 
V ac. ADDITION FOR SOME ORGANIC ACCEPTOR-MOLECULES. SUPPORTING 








SLEC gE 0-1 N NEtT,CIO 
t the ELECTROLYTE 0-1 r 4 
en ——_ Half- tential, V 
| alf-wave potential, V, 
oroton versus 8.C.E.* 
second Substance —— aia 
he Dimethyl- 
an t ” | Acetonitrile | formamide 
led in| }— a ~— 
. 2: 3 Dicyano 5 : 6 dichlorobenzo- 
m™ ral, quinone +051 - 
lity*"*, Tetracyanoethylene +025 | + oes 
i Chloranil + 0-02 | +0-02 
—_ Picric acid —0-26¢ | ~~ 
Ivents p-Benzoquinone : — 0-52 | — 0-54 
lex: Pyromellitic dianhydride | — 0-60 — 0-60 
npie: p-Xyloquinone — 0-67 — 0-68 
s well 9: 10 Phenanthrenequinone — 0-66 —0-70 
r their 2-Methyl naphtho 1 : 4 quinone —0-78§ _ 

i Duroquinone —0°84§ aa 
mV.). Maleic anhydride | — —0-a8t 
seful Anthraquinone —0-94 | — 0-98 
u ° Phthalic anhydride | — | —1-36+ 
ndica- s eae See Oe, ain 
nalita- *Including liquid junction potential, acetonitrile-water. 

1 - r 


ded in +Some irreversibility, true EF} may be + 0-05 V 

ylex } Two-electron change. 
my §From Wawzonek, S., Blaha, E. W., Berkey, R., and Runner, 
eally', M. E., J. Electrochem. Soc., 108, 456 (1956); potentials converted to 
wave 3.C.E. (saturated calomel electrode). 


more readily to compounds with even more positive 
half-wave potentials. 

Further work is planned on the quantitative 
aspects of this approach to the problem of donor-— 
acceptor complexes. If a quantitative correlation 
were established, it would provide a basis for a greater 
understanding of the factors contributing to the 
stability of the complexes. It would also appear 
feasible to investigate donor-acceptor equilibria by 
polarographic means in @ manner analogous to that 
for metal-ion complexes* in which factors such as 
contact charge-transfer would not interfere. 


M. E. PEOVER 


National Chemical Laboratory, 
Department of Scientific and Industrial Research, 
Teddington, Middlesex. 


*Maccoll, A., Nature, 163, 178 (1949). Pullman, A., Pullman, B., 
and Berthier, G., Bull. Soc. Chim. France, 591 (1950). Hoijtink, 
G. J., Ree. Trav. Chim., 74, 1525 (1955). Hoijtink, G. J., de Boer, 
E., van der Meij, P. H., and Weijland, W. P., ibid., 75, 487 (1956). 
Balk, P., de Bruyn, 8., and Hoijtink, G. J., ibid., 76, 860 (1957). 
Given, P. H., Nature, 181, 1001 (1958). 

*Given, P. H., and Peover, M. E., Advances in Polarography, 948, 
edit. by Longmuir, I. 8. (Pergamon Press, London, 1960). 

* Andrews, L. J., Chem. Revs., 54, 713 (1954). 


* Merrifield, R. E., and Phillips, W. D., J. Amer. Chem. Soc., 80, 2773 
(1958). 


5 Ferstandig, L. L., Toland, W. G., and Heaton, C. D., J. Amer. 
Chem, Soc., 88, 1151 (1961). 


* Irving, H., in ref. 2, p. 42. 


Determination of Indium in High-purity 
Zinc 

THE activation analysis of 5 parts in 10" of 
indium in zine has been carried out, using a method 
of separation investigated by Kosta and Hoste’. 
l-gm. samples of zine were irradiated in a neutron 
flux of 8 x 10" n./em.? sec. in the BR.J reactor. 
After irradiation, the samples were dissolved in 
10 ml. of 6 N hydrobromic acid with the addition 
of 3-4 drops of nitric acid (sp. grav. 1-40) in order to 
accelerate the dissolution. By addition of 5 ml. of 
6 N hydrobromic acid to the solution, its concentra- 
tion was increased to about 4N. After two extrac- 
tions with 5 ml. of isopropylether, the organic layer 
contained all the trivalent indium. Small amounts 
of zinc-65, which were present in the organic layer, 
were washed out with 10 ml. of 6 N hydrobromic 
acid. 

The purified indium fraction contained the radio- 
isotope indium-116m (¢1/2 = 54 min.) and traces of 
zine-65 (t1/2 = 240 days) and of zine-69m (t1/2 = 
14 hr.). Since discrimination of the gamma transitions 
of zine-65 (EH, = 1-114 MeV.) and of indium-116m 


(EZ, = 1-09 MeV.) is impossible by gamma-spectro- 
metry, the activity of the former was determined by 
measurement of its 1-27-MeV. y-ray. A _ single- 


channel gamma-spectrometer with a 3 in. x 3 in. 
sodium iodide (thallium) well-detector system was 
used for these measurements. The 438-keV. y-ray 
from the isomeric transition of zinc-69 is used for 
measuring the purity of the indium fraction. 

In order to avoid shadow effects of epithermal 
neutrons, the indium standards must be of very 
small size. Therefore one drop of an indium solution 
(0-2 mgm. indium/ml.) is weighed in a quartz tube 
and used as the standard. After irradiation and 
hundred-fold dilution, its level of activity is com- 
parable to that of the indium in the samples. Results 
indicate the presence of 4-9-5-0 parts in 10! of 
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indium in three zinc samples of different purity in 
respect to other impurities. 


Naim Ko§garic 
“Natron”, Maglaj, Yugoslavia. 
(The late) G. LELIAERT 


Centre d’Etude de l’Energie Nucléaire, 
Mol-Donk, Belgium. 
, and Hoste, I., Microchimica 790 (1956). 


' Kosta, I Acta, 1-6 


Reactivity of Calcium Sulphate 
Hemihydrate 


Ca.cruM sulphate hemihydrate reacts with water 
to yield calcium sulphate dihydrate. The rate of this 
reaction differs considerably from sample to sample, 
the variations in reactivity being due, at least in 
part, to conditions prevailing during the dehydration 
of the parent dihydrate. We have investigated 
the reactivity of calcium sulphate hemihydrate 
prepared by calcining various samples of finely 
powdered reagent grade calcium sulphate dihydrate 
44 per cent —100 mesh and +200 mesh, 54 per cent 

200 mesh) spread as a thin layer (120 gm. per 
500 em.*) on a tray in an air oven. After calcination 
the material was exposed to the atmosphere at room 
temperature to allow absorption of moisture until the 
composition of hemihydrate was attained’. The 
reactivity of the product was assessed from the rate 
of increase in temperature of mixtures of 100 gm. of 
hemihydrate with 60 gm. of water, held in a Dewar 
flask*. The mixtures were made at 20° C. Two 
parameters of the reaction were studied, namely, the 
induction period defined as the time taken for the 
rate of increase in temperature to exceed 0-1 deg. 
C./min., and k the slope of the approximately straight 
part of the plot against time of log,,\7/ AT;, where 
AT deg. C. is the increase in temperature and AT’; 
is the increase in temperature corresponding to 
complete hydration. The constant / is a measure of 
the self-acceleration of the reaction'-*. The induction 
period is inversely related to the reactivity. 

With the samples of calcium sulphate dihydrate 
which we have used the induction period of the 
derived hemihydrate has initially increased rapidly 
with the length of calcination and has finally become 
independent of it. With one particular sample 
calcined at 143° C. the induction period showed a 
pronounced maximum at 20 hr. (Fig. 1). With 
calcination of this sample at 203° C. the peak occurred 
at 5 hr., and at 106° C. there was no maximum in the 
induction period (that is, minimum in reactivity). 
There were corresponding but less-pronounced varia- 
tions in k with length of calcination (Fig. 2). Similar 
changes in reactivity to occur when some 
samples of gypsum plaster are recalcined'. The 
induction periods for long times of calcination at 
106° C. and 203° C. were considerably less than for 
calcination at 143° C. The magnitude of the increase 
in temperature during hydration showed that all the 
samples of calcined gypsum consisted essentially of 
calcium sulphate hemihydrate. 

Variations in the reactivity of comparatively pure 
preparations of calcium sulphate hemihydrate, partic- 
ularly when associated with sympathetic variations 
in k, are most likely to be due to differences in the 
density of seeding nuclei'-*. Large variations in 
surface area are reflected in the reactivity of calcium 
sulphate hemihydrate, particularly in the values of 
k'. However, Fig. 3 shows the surface area (error 
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Fig. 2. & plotted against period of calcination for samples 
prepared at 106° (©), 143° (A) and 206° C. ( x ) 


about +0-3 m.*/gm.) determined by adsorption of } 
ethanol for the samples prepared at 143° C.', and no 
pronounced minimum occurs corresponding to the 
minimum in reactivity (maximum in_ induction 
period), confirming that the observed effects are 
probably due to changes in density of nucleating 
sites in the system. 

The variations in reactivity described here can be 
explained by assuming the occurrence of two reactions 
that involve nuclei for the growth of calcium sulphate 
dihydrate. The first is the decomposition of the 
dihydrate lattice, and appears to be the only one 
occurring at 106° C. (Fig. 1). As calcination continues 
the product becomes less and less reactive as seeding 


} 








particles of residual dihydrate disappear. As the 

temperature of calcination is raised this reaction 

becomes more rapid. However, there intervenes ¢ } 
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Fig. 3. Surface area for the samples prepared at 143° C, plotted | 
against period of calcination i 
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second reaction (presumably with a higher activation 
energy) that produces new nuclei so that at higher 
the reactivity first falls and then 


temperatures 
The nuclei produced by the second 


increases again. 


reaction are most unlikely to consist of fragments of 


dihydrate lattice, and the reaction probably involves 
some type of re-arrangement of the surfaces of the 
particles. The values of the surface area show no 
large variations, but the slight variations shown by the 
values for samples prepared at 143° C. may suggest 
a type of slow sintering after 20 hr. (Fig. 3). If the 
new sites favourable for nucleation of dihydrate do 
result from a re-arrangement of the surface of the 
grains of hemihydrate, they must be due to geometric 
features rather than to regions of strain. 

The behaviour of some other samples where the 
peak is absent is due to the rates of these reactions, 
particularly the second, being so fast that the peak 
occurs so early that it is lost in the drop of reactivity 
caused by the first reaction. That an inhibitor which 
disappears at higher temperatures is not responsible 
for the effects described in this communication is 
indicated by the comparatively high reactivity of the 
samples prepared at 106° C. 

This work forms part of a programme of research 
carried out within the Commonwealth Scientifie and 
Industrial Research Organization and sponsored by 
the Colonial Sugar Refining Co.. Ltd.. and Australian 
YNactar s °} vad » r F 3 
Plaster Industries Pty., Ltd “eo 


H. SURKEVICIUS 
ANGELA A. MILNE 
Commonwealth Scientific and 
Industrial Research Organization. 
Division of Building Research, 
Graham Road, Highett. 
Victoria, Australia. 
‘Ridge, M. J., and Hill, R. D.. Austral. J. App. Sei..11 
* Ridge, M. J., Rev. Pure and App. Chem., 10, 243 (1960). 
*Ridge, M. J., Austral. J. App. Sci., 10, 218 (1959). 
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BIOCHEMISTRY 


Prevention of Ammonia Toxicity by 
Amino-acids concerned in the Biosynthesis 
of Urea 
RELATIONSHIPS have been pointed out by several 
investigators! between high levels of blood ammonia 
and various clinical syndromes, for example, some 
psychoses, mental disturbances associated with heart 
failure, tumours, jaundices, hepatic encephalopathies, 
ete. In some cases a reduction in the level of 
ammonia has resulted in considerable amelioration 
of these pathological symptoms; the various pro- 
cedures for this purpose are of considerable interest. 
In 1956, Greenstein and co-workers? emphasized 
the antitoxic action of L-arginine in experimental 
hyperammonzemia produced by intraperitoneal in- 
jections of ammonium salts or high amounts of 
certain amino-acids. This work was followed by 
clinical studies, and some investigators? obtained 
beneficial results after administration of L-arginine ; 
im all these cases the authors observed a striking 
reduction of blood ammonia which paralleled the 

alleviation of toxic symptomatology. 

Different procedures for the same purpose have 
been employed with as yet indecisive results!-‘, 
While the action of glutamic acid might be due to 
removal of the toxic ammonia via glutamine synthesis, 
the effect of L-arginine may involve a mobilization 
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AMINO-ACIDS ON 
ACETATE 


Table 1. ADMINISTRATION OF 


AMMONIUM 


EFFECT OF PRIOR 
RATS GIVEN LD,, Doses oF 


No. of 
animals 


Incidence of 
convulsion 
(per cent) 


Dose 
(m.moles 
kgm.) 


Survivors 
(per cent) 


Protective 
compounds 


Phosphate buffer 25 
L-Ornithine + 
L-Aspartic acid 
L-Ornithine + 
L-Aspartic acid 
L-Ornithine + 
L- Aspartic acid 
L-Ornithine 
L-Aspartice acid 
L-Aspartic acid + 
L-Ornithine 
L-Lysine 
L- Isoleucine 
t-Isoleucine + 5 
L-Ornithine 
L-Ornithine 


4s 100 


20 95 20 


25 100 0 
100 0 


100 0 


O38 85 


Sd ee ee 


90 20 
50 100 
ss 


65 


63 


80 


43 


ec 





The animals were Long-Evans male rats weighing about 250 gm., 
starved for a period of 12 hr. with water ad libitum. Both ammonium 
acetate and amino-acids dissolved in phosphate buffer (final pH 7-4), 
were administered intraperitoneally; the amino-acids 1 hr, before 
ammonium salt. Control animals were treated only with phosphate 
buffer before the ammonium acetate. 


or enhancement of the Krebs—Henseleit urea-syn- 
thesizing cycle, resulting in a decrease of the ammonia- 
level; this hypothesis is supported by the observa- 
tion of appreciable increases in the levels of blood 
urea?,’, 

We have tested other substances concerned in the 
synthesis of urea for a similar effect. For this, some 
amino-acids, mainly L-ornithine and L-aspartie acid, 
have been tested in chronic carbon tetrachloride 
poisoning in rats®; their protective efficiency was 
evaluated on the bases of increase in weight and of 
the total lipid and glycogen content of the livers; 
the efficiency reaches 96 per cent if an ornithine 
aspartic acid mixture (2-5 m.moles/kgm.) is used. The 
present communication describes the protective 
effects of prior administration of this mixture against 
experimental hyperammonemia produced by intra- 
peritoneal injection of LD;, quantities of ammonium 
acetate (8-2 + 0-8 m.moles/kgm.) into rats. 

The first set of experiments established the protec- 
tive effects of some amino-acids against the mortality 
of rats suffering from ammonia intoxication (Table 
1). The mixture of L-ornithine and L-aspartic acid, 
after intraperitoneal administration, gives optimum 
protection at levels of 2-0 m.moles/kgm. body-weight ; 
at levels of 1-0 m.mole/kgm., 95 per cent of the 
animals survived. It is noteworthy that aspartic 
acid alone (3-0 m.moles/kgm.) has almost no effect. 
whereas the addition of ornithine in rather low con- 
centration (0-5 m.mole/kgm.) suffices to raise the 
survival-rate to 90 per cent. We have also tested 
other amino-acids which are not involved in the 
synthesis of hepatic urea. L-Lysine alone (3-0 m.moles 
kgm.) is completely inefficient, whereas L-isol eucine 
shows a protective effect slightly greater than that 
shown by aspartic acid alone; the addition of 
L-ornithine does not produce any increase of 
efficiency. 

Levels of ammonia and urea in the blood of these 
animals were determined after various protective 
treatments (Table 2). In protected rats the rise 
of blood ammonia was quickly checked and, in 
animals treated with the ornithine-aspartic acid 
mixture (1-5 m.moles/kgm. of each), the values fell 
rapidly to normal levels. Simultaneously, the levels 
of blood-urea showed a marked increase. 

These results suggest that ornithine and aspartic 
acid exhibit a specific detoxifying action toward 
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rable AMMONIA- AND UREA-LEVELS IN BLOOD OF RATS PROTECTED AGAINST LD,, DOSES OF AMMONIUM ACETATE BY THE PRIOR ADMIN 
ISTRATION OF MIXTURES OF L-ORNITHINE AND L-ASPARTIC ACID 
Blood ammonia («moles/mi.) Plasma urea (uvmoles/ml.) 
N f Ammonium Protective mixture Dose - - — — —— 
animals icetate m.moles/kgm.) Time after injection of ammonium-acetate (min. 
15 60 15 60 
0 Phosphate buffer 0-76 0-11* 0-76 0-11 OR 0-7 OS 0-7 
0 L-Ornithine + 1d és ‘ 
L-Aspartic acid 15 0-96 + 0-12 0-71 O11 7711 + O54 781 + 0-69 
0 LD so Phosphate buffer 6-28 + 0-33 2-59 + 0-52 7°45 + 0-76 9-87 + 0-76 
40 LD x L-Ornithine + 0-5 K stent _ 
L-Aspartic acid 0-5 377 + O71 1-72 + Ose 7-66 + 0-53 10-42 + 1°34 
0 LD sy L-Ornithine + 1-0 e 
L-Aspartic acid 1-0 2-19 + 0-39 1:39 + 0-35 9-53 + 0-90 12:76 + 1°39 
40 LD L-Ornithine + 1-5 e 
L- Aspartic acid 1-5 2-38 + 0-34 0-64 + 0-39 10-53 0-68 14-71 1-81 
rhe experimental conditions were as given in Table 1. Blood samples were drawn by cardiac puncture at the times indicated; the time 
5 min. was selected to coincide with the death of 50 per cent of the intoxicated animals. The survivors of this group were examined along 
with the other animals after 1 hr. Ammonia was determined in whole blood by Seligson’s method (ref. 6); urea was determined in plasma by 
Kitamura’s method (ref. 7). 
* Mean values standard devi ns 


Their effect 
of the Krebs 


blood ammonia. 
an enhancement 


may be attributed to 


Henseleit mechanism 


of synthesis of urea. 

The results of a more detailed investigation in 

progress will be published elsewhere. 
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Chemistry of a Mucopolysaccharide 

produced by Guinea Pig Lymphocytes 
THE guinea pig lymphocyte has long been known to 
Such lvmphocytes, 
increase 


contain a special inclusion body. 
called Kurloff cells after their 
greatly in number in pregnancy and were shown by 
Ledingham! to be produced in both males and females 
by administration of Marshall and 
Swettenham®, by histochemical methods, have shown 
that the inclusion body is composed of a mucoprotein-— 
complex. Further 
mucopolysaccharide 


disco. erer, 
cestrogens. 


mucopolysaccharide 
work on the chemistry of a 
fraction by extraction of spleens of cestrogen-treated 
guinea pigs gave the following results: 

(1) No linked amino-acids are present in the poly- 
saccharide fraction; (2) the electrophoretic mobility 
in phosphate buffer at pH 7 on cellulose acetate is 
the same as chondroitin sulphate: (3) the bulk of 
the amino-sugar composed of galactosamine 
(Gardell’s method*); (4) the molar ratio of hexos- 
amine, uronic acid and sulphate is the same as 
chondroitin sulphate A or C, that is, if hexosamine = 

1-29, uronic acid 1-43 and sodium = 
the material is susceptible to testicular 
Some of the technical methods used 
will be described later in a 


sulphated 


1s 


1 (sulphate 
3-43): (5) 
hyaluronidase. 
in these estimations 
separate publication. 

These results confirm the conclusion of Marshall 


and Swettenham? that the inclusion body of the 


Kurloff cell contains a material similar to the ground. 
substance of cartilage connective tissue. The 
formation of large amounts of such material in the 
pregnant animal, however. remains of unknown 
significance and attempts to trace the fate of this 
polysaccharide in the pregnant guinea pig by labelling 
with sulphur-35 were unsuccessful. Furthermore, it 
is uncertain whether the formation of such material 
is peculiar to guinea pig lymphocytes or whether it 
is only the formation of the inclusion body which is 


or 


unique to this species. 
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Influence of Plasma Proteins in the 


Control of Mitosis-rates in Generating , 


Liver 


MANY experiments have been done to elucidate 
mechanisms of control over growth-rates of liver, and 
in a comprehensive review of the regenerating liver 
Harkness! suggests that 
plasma proteins, as shown by Glinos? and Gey®, offer 
the most likely cause of changes in mitosis-rates after 
partial hepatectomy. Lately new evidence in favour 
of the removal of a normally present inhibitor has 
been offered from skin‘ and from rat and 
guinea pig liver’. 

It was shown that adrenal corticosteroids could be 
the inhibitor normally present®:*, and I now suggest 
control of mitoses in at least two ways: First, by 4 
change in concentration of the plasma corticosteroids 
as shown by several workers*-* and to which normal } 
cells are sensitive, Secondly. by a possible alteration 
of redox potential around each cell which has the | 
effect of preventing corticosteroid influence on 
mitosis’. This effect has been shown by withdrawal of 
ascorbic acid from guinea pigs. but similar conditions 
could result from the output of oxidizing substances 
from damaged “ells. such as tumours, or in wound 
healing where the levels of circulating corticosteroid ) 
may be high yet mitosis-rates are not inhibited. { 

In the experiments of Glinos? alterations are made | 
in the concentrations of plasiia proteins believed te 
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control mitosis; he demonstrates 
mitosis in resting liver by dilution of plasma proteins 
and conversely a suppression of mitosis in regenera- 
ting liver by hemo-concentration following water 
restriction. 

Plasma proteins have been shown to carry cortico- 
steroids®:!°, and it seems likely that the plasma protein 
influence is attributable, at least in part, to the 
associated corticosteroids ; changes of protein-levels 
automatically altering the corticosteroid inhibition. 
To test this, Glinos’s haemo-concentration experiment 
has been repeated, but a comparison has been made 
between the degree of inhibition of liver regeneration 
in a dehydrated rat with intact adrenals and one with 
adrenals removed. If corticosteroids were the effective 
controllers of mitosis, adrenalectomy would allow a 
high rate of liver regeneration approximately double 
that found in rats with intact adrenals*®. This has been 
demonstrated, even though plasma _protein-levels 
have been maintained near those found in intact rats, 
which have no liver mitoses in a resting state. 

Three groups of Wistar male rats weighing 200 gm. 
were compared. The first group of 60 rats were 
adrenalectomized and given food ad lib. but no water : 
24 hr. later partial hepatectomy was done and the 
liver allowed to regenerate for 28 hr., when the rats 
were killed and a slice of the growing liver remnant 
taken for mitotic counting. The rats were bled by 
withdrawal of blood from the inferior vena cava and 
plasma protein estimated by the copper sulphate 
specific gravity drop method. Total time deprived of 
water was 52 hr. 

The second group of 30 rats with intact adrenals 
were partially hepatectomized after deprivation of 
water for 24 hr. and were killed after 28-hr. liver 
regeneration, water being withheid also for a total of 
52 hr. The third group of 10 rats with intact adrenals 
were given food and water ad lib. and partially 
hepatectomized. After 28 hr. liver regeneration the 
rats were killed and liver slices and blood collected 
for examination as in the preceding groups. 

Mitotic counts of regenerated liver and plasma 
protein-levels are shown in Table 1 (mitoses per 
1,000 cells). 

PLASMA PROTEIN AND MITOTIC COUNTS OF RAT LIVER 
REGROWING 28 HR. AFTER PARTIAL HEPATECTOMY 

| 


Table 1. 


Group 1 Group 2 Group 3 





Water allowed, 
adrenals intact 


Dehydrated Dehydrated 
adrenalectom- | intact adrenals 


ized rats (gm.) (gm.) 
Plasma pro- 
tein (gm.) 
(per cent) 79 + 1-3 9-1 + 1-1 59+ 0°38 
Mitotic rate 62 +8 16+ 5 38 +6 


In group 1 the adrenalectomized dehydrated rats 
showed a higher liver regeneration-rate almost double 
that of the intact hepatectomized rats having full 
access to water which formed the third group. In the 
former case plasma protein concentration has been 
maintained but absence of corticosteroids has removed 
all inhibition on mitosis. 

Groups of dehydrated rats with intact adrenals 
show an inhibition of mitosis in the regenerating liver 
as reported by Glinos. Here plasma protein-levels 
have been maintained and in addition it is likely that 
corticosteroid output is high due to the stress of water 
deprivation. 

The third group shows the plasma protein and 
mitotic rates in partially hepatectomized rats not 
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induction of 


deprived of water. Plasma protein-levels of intact 
rats average 8—9 gm. per cent. 

It appears, therefore. that plasma proteins are only 
partly responsible for mitosis regulation in liver, and 
that they form a vehicle for the carriage of cortico- 
steroids which are the effective control. The reasoning 
of Glinos is not invalidated by this extension as the 
homeostatic mechanism of maintenance of plasma 
proteins carries with it a built-in control, the cortical 
hormones, which only achieve an inhibiting effect on 
liver growth when this organ is of a size sufficient to 
maintain full plasma protein-levels and thereby a 
proper concentration of corticosteroids. 
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Pyridine Derivatives with Anthelmintic 
Activity 

WE should like to report a new series of chemical 
compounds which are effective against certain nema- 
tode parasites of mammals. Some of these compounds 
show a broad anthelmintic spectrum, being active 
against representatives of a number of families of 
nematodes. 

These compounds can be illustrated by the general 
structural formula (I) : 


R. \ R 
NC” oH =cuHl, |on=cH< YN 
an N ~~ NR 
Fz 
(I) 


in which R can be, for example, alkyl or benzyl, or 
R 

N. can consist of a cyclic ring, such as pyrrolidine, 
R 

piperidine, morpholine, etc., and R’ can be alkyl or 

benzyl and X- can be a suitable anion, most commonly 

iodide. These and numerous other structural varia- 

tions have been prepared and tested, and details of 

syntheses will be published shortly. 

A number of members of this series were found 
quite active against natural infections of the mouse 
pinworm, Syphacia obvelata, but two of the series 
(A: (I) R = CH,, R’ = CH,, X =I; (I) RR = 
(CH,),, R’ C.H,;. X = I) gave superior and 
almost equal activity with single doses of as low as 
5 mgm. of base per kgm. of body-weight. Although B 
was slightly better against Syphacia, it was less 
effective than A against various nematodes of dogs 
and cats. 
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Compound A was tested extensively against 
nematodes of dogs and cats, and, to a limited extent, 
against nematodes of monkeys, using single doses of 
25 mgm./kgm. or less for most parasites or multiple 
doses of 25 mgm./kgm. for whipworm infections. It 
exhibited a broad anthelmintic spectrum, showing 


good to excellent activity against natural infections of 


Ancylostoma caninum, Toxocara canis and T. cati in 
dogs and cats; Uncinaria stenocephala, Toxascaris 
leonina and Trichuris vulpis in dogs; and Trichuris 
trichiura, Oesophagostomum apiostomum and Physalop- 
tera sp. in monkeys. 
Inasmuch as rats. dogs and cats have tolerated 
single doses as large as 500 mgm. per kgm. of body- 
weight without evidence of ill effects, there is a wide 
margin of safety between the effective and toxic doses 
and. in addition, the compounds are tasteless and 
appear to have negligible emetic activity. 

A. P. 

R. B. 


PHILLIPS 
BurRRows 
Burroughs Wellcome and Co., 
United States, Inc.. 
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Comparison of the Serum Protein 
Fractions of the Newly Hatched Chick 
with those of Adult Birds using Starch- 

gel Electrophoresis 

It has been established by several investigators that 
serum protein components of chick embryo undergo 
qualitative as well as quantitative changes throughout 
the developmental period until the time of hatching'-*. 
The serum protein composition of the newly hatched 
chick, however, resembles that of the adult bird, as 
revealed by moving-boundary and paper electro- 
phoresis. The technique of starch-gel electrophoresis 
suggested by Smithies® is promising in that it enables 
one to detect numerous fractions in the pattern of the 
serum proteins, particularly in the «- and $-globulin 
which cannot be detected by the con- 
ventional method of Tiselius or paper electrophoresis. 
By using the starch-gel method. I have been 
able to demonstrate differences in the patterns of 
serum proteins of the day-old and week-old chicks 
when compared with pooled sera of one- and two-year- 
old roosters, as shown in Fig. 1. The electrophoresis 
was performed on a vertical tray® for 18 hr. using borate 
buffer of pH 8-6 and a field-strength of 6 V./cem. 
Repeated electrophoretic runs gave patterns similar 
to those shown in Fig. 1, for the four age groups. 
Twelve fractions could be distinguished on the 
patterns of the adult roosters (two pre-albumin com- 
ponents are not seen on the photographs). The same 
number of fractions could also be seen on the electro- 


regions, 
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Fig. 1. Starch-gel electrophoresis of the sera of chicken at 


various ages. I, Day-old chick; II, week-old chick; III, one- 


year-old rooster; IV, two-year-old rooster 
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phoretic patterns of the young chicks. The mobility fr 
and the number of fractions of «-globulins of the él 
newly hatched chicks are distinctly different from ’ d 
those of aduit birds. The fraction 6 of the serum of a . 
day-old chick does not seem to be present in the serum “ 
of an adult bird, and of fraction d only traces are « 
observed. Very little y-globulin is present in day- | 4 
old and week-old chicks. A distinct narrow band 4 
which is immediately behind the albumin (a post- a 
albumin ?) in the adult bird cannot be seen in the , 
young chicks. os 
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Cholesterol in the Tapetum Lucidum of 
the Eye of the Opossum, Didelphis 
virginiana } 
THE eye of the opossum Didelphis virginiana has T 
a tapetum formed frorn the retinal pigment epi- in ¢ 
thelium!:*. Investigation of the eyes of three speci- i oft 
mens of Didelphis virginiana and of one specimen of | tha 


the crab-eating opossum obtained through the kind- able 


ness of Dr. S. Halbert. College of Physicians and retii 
Surgeons, New York. and of Dr. Osman Hill, Zoo- 4) tiss 
logical Gardens. London, has shown that the tapetum _ cho! 


of these animals is rich in cholesterol, cholestero! esters R 


and lipids and it is tentatively suggested that these | was 
form the reflecting material in vivo. tect 

The tapetum of the opossum, viewed ophthalmo- | tape 
scopically immediately after death, appeared as a | crys 
triangular dead-white area. Dissection of the tapetal | and 
area was unsatisfactory, both in unfixed and in | The: 
eyes fixed with formol, as it was difficult to separate it | ally | 
from overlying retina and underlying choroid. The } brilli 
roughly separated tapetum was dried, extracted with | in th 
chloroform—methanol 1:1 (v/v), and both extract | iride: 
and residue were examined. Microscopical examina- Di 
tion of the residual material showed that birefring- _ vidin 
ence of the tapetum had been removed. The chloro- / differ 
form—methanol extract was dried and the residue | fish a 
extracted with acetone. The acetone-solublie fraction | zinc-< 


consisted largely of cholesterol as judged by estima- 
tion’. Paper partition chromatography‘, using 95 per 
cent methanol as solvent, showed that cholesterol 
esters and/or fat were present as well as free 
cholesterol. In this system cholesterol esters and fat 
remain at the origin and cholesterol has Rp 0-50. 
Markers of cholesterol, cholesterol oleate and chole- 
sterol stearate were run in parallel. To determine 
whether the material in the tapetum which remained 
at the origin on the chromatogram contained chole 
stero) esters or was entirely fat, an aliquot was 
saponified and re-chromatographed alongside the 
original material. The spot at the origin disappeared 
on saponification and the spot corresponding to chole | 
stero]l became more intense and larger, which suggest 
that cholesterol esters are present. 

One eye was examined histologically. After 
fixation with formol, the eye was opened and the lens, 
which is large and spherical, was removed. The back 
part of the eye was then embedded in gelatin and 
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Fig. 1. 
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frozen-sections were cut and floated on gelatin-coated 
slides. When the Lieberman-Burchardt reagent was 
dropped on the sections, a strong positive cholesterol 
reaction developed in the area of the tapetum, and 
a weaker one was given by the optic nerve. Retine 
and choroid were negative. Staining with sudan III 
showed that the tapetal area was also rich in lipid. 
A few lipid globules were present in the choroid and 
orbital tissues. 

These experiments showed that the opossum tape- 
tum contained cholesterol. cholesterol esters and lipid, 
and that when these were extracted the birefringence 
of the original material was lost. An attempt was 


therefore made to estimate the total cholesterol of 
the different parts, dissected from a single eye of 


Didelphis virgiana (Table 1). 


fable 1. CHOLESTEROL CONTENT OF DIFFERENT PARTS OF THE EYE 
OF Didelphis virginiana 
; Dry weight Total cholesterol 
Part of eve (mgm.) (per cent dry weight) 
Sclera &4 O-4 
Choroid 73 5-8 
Retina 2-8 18-2 
Tapetum 1-0 50-0 


Table 1 shows that the dissected tapetum is richer 
in cholesterol than the other parts. Chromatography 
of this material before and after saponification showed 
that the cholesterol was largely esterified. It is prob- 
able that most of the cholesterol found in the dissected 
retina and choroid comes from contaminating tapetal 
tissue. Cattle retina contains only 2-0 per cent 
cholesterol and cattle choroid 0-80 per cent’. 

Roughly dissected tapetum from the unfixed eye 
was birefringent but crystals were not clearly de- 
tected. Crvstals (Fig. 1) could be brushed off the 
tapetum of the eye fixed with formol and similar 
crystals were deposited from the chloroform—methanol 
and subsequent acetone extract of tapetal material. 
The appearance of the tapetum seen ophthalmoscopic- 
ally or in the opened eye is chalk-white, without the 
brilliance which one sees from the erystals of guanine 
in the argentea and tapetum of fish. There is no 
iridescence. 

Different animals solve the optical problem of pro- 
viding a mirror backing to the retina in widely 
different chemical ways. The crystalline tapetum in 
fish and reptiles is made of guanine’, in carnivores of 
zinc-cysteine’:*, in lemurs of riboflavin®, and in the 





Crystals brushed off tapetum of Didelphis virginiana 
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opossum of cholesterol esters and lipid. In fish, 
guanine is also laid down in the scales, and in lemurs 
Dr. Osman Hill (personal communication) has de- 
tected large amounts of a yellow water-soluble pig- 
ment in the skin, which is probably riboflavin. 
Whether zine-cysteine occurs in other tissues of 
carnivores and whether there is particular concentra- 
tion of cholesterol and lipid in other organs in the 
opossum are not known. 
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Localization of the ‘Sugar Pump’ in the 
Intestinal Epithelium 

GLUCOSE is actively transported across the intest- 
inal epithelium from the lumen of the gut into the 
blood in or into the fluid surrounding the 
serosal mesothelium in vitro. Because part of 
the glucose is metabolized during transport, it is 
not possible to determine the concentration of 
the unaltered sugar in the various layers of the 
intestine. However, 3-O-methylglucose, though 
transported by the same mechanism which acts 
on glucose!, is not metabolized in animal tissue?-*. 
The synthesis of 3-O-'*CH,-glucose in this laboratory® 
offered a method of following with reasonable 
accuracy the route of this sugar during transport. 

Using surviving preparations of the small intestine 
of frogs (Rana pipiens), the following experimental 
procedure was employed‘. 3-O-methylglucose (mixed 
with 3-O-'4CH,-glucose) was dissolved in a Ringer’s 
solution isosmotie with frog’s blood and containing 
sulphate instead of chloride in order to minimize 
net ‘vater transport. The frogs were pithed, the 
abdomen was opened and the small intestine was 
ligated at both ends and injected with 1 ml. of the 
3-methylglucose solution. The intestine was then 
excised and transferred to a flask containing 2 ml. 
of the solution identical with that which was injected 
into the lumen of the gut. The preparation was 
briefly gassed with a mixture or 95 per cent oxygen 
plus 5 per cent carbon dioxide and shaken in a 
30° water-bath for 6 hr. Then the intestine was 
removed, carefully blotted on the outside and emptied 
of its contents. Thereafter, the intestine was split 
open. the mucosal surface gently blotted with a piece 
of cotton and the mucosa scraped off, using a cover- 
The mucosal scrapings were weighed, placed 
in a test-tube containing a known volume of hot 
water and refluxed in a hot water-bath for 10 min. 
The remaining portion of the intestinal tissue (‘sub- 
mucosal tissue’) was similarly weighed and extracted 
with boiling distilled water. 

Thus, at the end of the experiment, there were 
four different solutions : the contents of the lumen 


vivo 


glass. 
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Pabk 1. DISTRIBUTION rk 3-O-""CH,-GLUCOSE IN THE SMALL 
INTESTINE OF THE FROG 
Distribution of radioactivity at 
Initial 3-methy! 6 hr. 10° counts/min. ml. 
Exp glucose 
No. m.mol 10° counts Sub- 
litre min./ml, Inside Mucosal mucosal Outside 
10 20-00 3-06 19-41 21°52 24-29 
10 20-00 7-68 19°41 24-14 22-08 
10 “0-00 614 21°48 23-00 24-96 
Average 579 20°10 22-89 23-78 
4 2-5 20-00 6-63 17-10 22-43 21°54 
, 2°5 20-00 9-93 14°95 18-22 17°03 
6 2-5 20-00 4-85 18°19 19°39 16-98 
Average 714 16-75 0-03 18-52 


(‘inside fluid’), the extract of the mucosal scraping: 
the extract of the submucosal tissue. and the ‘outside 
fluid’ bathing the serosal mesothelium. From each 
solution samples were plated on to planchets and 
the radioactivity was counted in a windowless flow 
counter. The results were corrected for self-absorp- 
tion. The water content of the tissue samples was 
ealculated on the basis of an average value obtained 
in a series of determinations on both mucosal scrapings 
and submucosal tissues. The activity was expressed 
as counts/min./ml. of tissue water and of inside and 
outside fluids. 

The results are shown in Table 1. The two series 
of experiments differ only in the initial concentration 
of 3-methylglucose; the amount of the tracer was the 
same in both \s the principal anion was 
sulphate. which in turn kept the net movement of 
water across the intestine to a minimum, the change 
in concentration of the tracer in any compartment 
reflects the actual movement of 3-methylglucose 
regardless of its original concentration. It is evident 
from the results in Table 1 that during the experi- 
ment the concentration of 3-methylglucose decreased 
considerably in the lumen of the intestine, and that 
the concentration of 3-methylglucose in the water 
of the mucosal epithelial cells increased to a level 
two to three times higher than that in the lumen of 
the gut. The differences in concentration of 3-methy]- 
glucose between the other lavers of the intestine and 
the serosal compartment are not so striking. and it 
is questionable if they were of any significance. 

These results would suggest the following hypo- 
membrane facing the lumen of the intestinal 
epithelium is relatively impermeable to the sugar, 
and it is the site of the active transporting ‘pump’. 
This would allow the sugar to be transported into 
the cell against a gradient and at the same time 
prevent a retrograde movement out of the cell into 
the lumen. The serosal-facing membrane of the epi- 
thelial cell is relatively permeable to sugar and so 
are the other tissues lying between the epithelial 
cells and the free serosal compartment. Thus. no 
appreciable concentration changes occur across these 


series. 


thesis: 


barriers. 

These experiments do not indicate directly whether 
or not 3-methylglucose is present in the mucosal 
epithelial cells in the free or bound form. The con- 
centration of 3-methylglucose is almost identical in 
the epithelial layer and in the subepithelial tissue as 
well as in the serosal compartment. If part of the 
sugar were bound in the mucosal cells, one would have 
to assume that a concentration gradient 
of free sugar serosal-facing membrane 
occurred. 

Attempts to demonstrate the presence of protein- 
bound 3-methvlglucose in the extracts of intestinal 


second 
the 


acToss 
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mucosal epithelium were not successful. In these 
experiments the mucosal serapings of 3-O-'™CH,. } 
glucose-absorbing guts were extracted with either ¢ 
cold saline or cold 0-6 MW potassium chloride. Both 
extracts were centrifuged at 100,000g for 8 hr. More 
than 90 per cent of the total nitrogen of the extract 
was in the sediment, but the radioactivity in the 
supernatant did not change. 

This work was supported by a research grant from 


the U.S. Public Health Service. ) 
T. Z. Cs&xy k 
G. W. FERNALD 2 
Department of Pharmacology. , 3 


University of North Carolina. 
School of Medicine. 


Chapel Hill, N.C 
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Increase in Elastin Content of the Human 
Aorta during Growth 
Ir is generally assumed that the elastic properties tit 
of the gross arteries, such as the aorta, are essentially | ~ I 
due to elastic fibres of the arterial wall. However, 


| 
| 
| 
5 


there are few reports of quantitative studies of elastin | a 
in aorta ; and often statistical proof of significance is pes 
omitted and conflicting statements have resulted. | saan 
In particular, more detailed investigations on the) jot, 
elastin behaviour of the human aorta during growth } papi 
are required. eque 


Smith et al.' referred to increases in elastic tissues Fi 
of the media with ageing. whereas no variation of 


i tory 
the elastin content was found by Hass’ or by) 5. 
Lansing et al.’. In agreement with the considerable fter 


decrease of elasticity of the aorta observed in ageing, } 
Myers and Lang*, Faber and Moller-Hou® and Ber. | Insti 
tolin® reported elastin as being highest in early life 
and gradually declining in the last decades of life. 
Kraemer and Miller?, however, the only authors who? 


reported statistical analysis of their own results) “™t! 
demonstrated an absence of changes with age in the! ‘Hass, 
percentage of aortic elastin. Lansi 

All methods hitherto used in the determination of - = 
elastin consist basically of destroying materials other Faber 


than elastin and gravimetric determination of the (19 


remaining insoluble substance. The availability of | ‘Bertol 
new and specific method that permits the direct) ’ Kraem 
Scarse| 


colorimetric estimation of elastin without destructive 
processes led me to review the behaviour of elastin in 
human aorta during growth and ageing. 


* Scarse! 








This preliminary communication discusses thi 
results of work on 16 normal young subjects up| oy 
20 years old. a 

The direct method previously described by me* SEV] 
later further improved’, has been used. The sample of} capabl 
tissue is treated with orcein. All free stain is removed | sumab 
and the stained orcein-elastin compound hydrolyse | ‘@™m 
with elastase (pancreatin). Orcein-elastin, which anna 
brought in this way into solution, is then estimated pe 
photometrically. rtm 

Fresh specimens were removed at the time oj’ Vital 
autopsy from the aorte of apparently normal mak ( Rece: 
subjects between 0 and 20 years of age who dielf ¢ has t 
from trauma. Specimens free from atherosclerotit } - "mer 
lesions were always taken from the inferior part & amie 


thoracic aorta, stripped of adventitia and _ treated 
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these ° Table 1. EFFECT OF COENZYME Q,.) ON PROTHROMBIN RESPONSE TO 
CH 4 ° ACENOCOUMARIN IN NORMAL GUINEA PIG* 
= 4 * AE . 
either f e 
‘ bd Prothrombin time 
Both 7 (sec.) 
More a = 
vo - > oe rage 
<tract 4 : e ; Rang Avera ce 
n the a Qi Vehicle (1 or 2 ¢.c.) 31-34 33 
Q;,. (10 or 20 mgm.) 31-36 34 
: = Acenocoumarin (1 dose) 4-5 mgm. in 
t trom = l c.c. H,O 49-62 a5 
$ Acenocoumarin (1 dose) + Qi. 
} e 10 mgm. 53-130 79 
= Acenocoumarin (2 doses 24 hr. apart) 
~ each 4-5 mgm. 99-> 180 > 149 
ALD & Acenocoumarin (2 doses 24 hr. apart) 
& + Q,. 10 mgm. 78-177 134 
= 20 Acenocoumarin (2 doses 24 hr. apart) + 
| ” vitamin K, (‘Mephyton’) 10 mgm. 35-50 43 
| * All drugs were given intraperitoneally. Each group consists of 
at least four animals. 
| . ° ° . 
1957 of the prothrombin response to a coumarin anti- 
22, 18 coagulant. 
_ Guinea pigs were treated with sodium aceno- 
5 (1961 T T T T : as ‘ - 
10 - coumarin, vitamin K,, coenzyme @Q,,. (10 mgm./e.c.) 
bi darnnen’ : in solvent vehicle (consisting of ‘Emulphor’ and 
Fig. 1 dimethylacetamide, and the co-enzyme Q,, kindly 
iman provided by Dr. Karl Folkers of Merck, Sharp and 
: ‘ . Dohme, Rahway, New Jersey) and solve rehicle 
} as already described by me. 30 mgm. of the dry iastinediiedll — Table 1 = . - 1 rom von I 
nerties : . . : as indicatec e l. ood specimens were 
pertue triturated matter were taken for analysis. ¥ re e ve a0 . Specimens _ 


obtained 24 hr. after the last dosage. and the pro- 
thrombin time estimated by techniques previously 
reported*. The relatively long normal prothrombin 
time by the method employed is characteristic of the 


ntially In Fig. 1 the results of analyses are expressed as 
ywever, percentage of elastin in the dry weight of the sample 
elastin) and plotted against age at time of death. Statistical 
ances! analysis of this graph shows a highly significant 


sultec . . . species. The results in Table 1 demonstrate that co- 
sulted. | increase in elastin content of the human aorta with age ] Ox I si { ee K-lil xt : ti fect 

i. eg enzyme 1as no vitamin K-like protective effect 
on the) between 0 and 20 years (correlation coefficient : : =i : sea. 


vrowth anil : , hp on against acenocoumarin-induced hypoprothrombinz - 
growth} ,»— 9.877; Student’s t = 6-81; P<0-001). The ‘ . —_ vr . 
mia under the experimental conditions used. 


equation of the regression line is y 17-5 1-65 2. 
tiseues Further investigations in progress in this labora- 
tion OF tory seem, on the other hand. to demonstrate a Table 2. EFFECT OF COENZYME Qj) ON RESPONSE TO ACENOCOUMARIN 
or by 7 IN ACUTELY STARVED GUINEA PIGs 


significant decrease of elastin content in the aorta 
( le rable 


after 20 years until old age. [ . > e - ai 
ageing, } V. SCARSELLI ae time | 

or. ' . . . . . . 
ud Ber Instituto Biochimico Italiano, -} 
ly life Via Brembo 65, = _|__Banee__| Average _ 
of life. Milano. ; Acenocoumarin 4-5 mgm. + 1 ¢.c. 
rs who ? , saline 40-55 48 

Its Smith, C., Seitner, M. M., and Wang, H. P., Anat. Rec., 109, 113 Acenocoumarin 4-5 mgm. + co- 
results, (1951). enzyme Q, 10 mgm. 60-75 68 
> in the Hass, G. M., Arch. Path., 34, 971 (1942). Acenocoumarin 4-5 mgm. + 1 c.c. ; if 

Lansing, A. I., Alex, M., and Rosenthal, T. B., J. Gerontol., 5, 112 vehicle 90-81 63 
(1950). a Se 


ation « ‘Myers, V. C., and Lang, W. W., J. Gerontol., 1, 441 (1946). 


ls other Faber, M., and Moller-Hou, G., Acta Path. Microbiol. Scand., 31, 377 


: To test this observation further, the experiment 
of the — was repeated in 12 animals deprived of food the day 
itv of a} ‘Bertolin, A., Chir. Pat. Sper., 6, 240 (1958). heya > oS rgd ~—agavtnter healencnpeosndinns.. 
d |.) ‘Kraemer, D. M.. and Miller, H., Arch. Path., 55, 70 (1953). prior to and after dosage. The results are presented 
, diree Searselli, V., Giornale di Biochimica, 7, 20 (1958). in Table 2. It is evident that coenzyme Vr0 had no 
tructive | +Searselli, V., Nature, 184, 1563 (1959). protective effect. 
lastin It is concluded that in the guinea pig, exogenous 
coenzyme Q,. has no vitamin K-like antagonistic 
ses the Lack of Effect of Coenzyme Qin on action against the hypoprothrombinemia induced 
's uP © Coumarin-induced Hypoprothrombinemia by acenocoumarin. 
by mei) SEVERAL coumarin and indanedione drugs are Regt gg er iy by grants a A-4724 
ampleof capable of inducing hypoprothrombinemia, pre- of the U.S. National Institutes of Healt - 
removed sumably by interfering with the cofactor role of Murray WEINER 
drolysei) “amin K in prothrombin synthesis. This role of [HEODORE CHENKIN 
which is) Vitamin K, probably involving electron transport, PETER G. Dayton 
atimated can be competitively inhibited by coumarins, and New York University Research Service, 
j the inhibition competitively overcome by large doses Goldwater Memorial Hospital. 
time of vitamin K (ref. 1). ; Welfare Island, New York. 
nal mak Recently* another group of quinones, the coenzymes 143, P., Harvey Lectures, 39, 162 (1944). 


vho die’ ? Q, has been shown to be involved in electron transport. *<reen, D. M., and Lester, R. L., Fed. Proc., 18, 987 (1959). 
sclerotit | Numerous similarities of coenzymes Q to the vitamin = ‘* Sastry. P. S., Jayaraman, J., and Ramasarma, T., Nature, 189, 577 
S » ? . . ° O68 

ne K group? have led to the following comparison of _ (heSE). — ' aw 
p pa a 3 . ; “ig *Chenkin, T., Dayton, P. G., Weisberg, L. G., and Weiner, M., Exp. 
treated “amin K, and coenzyme Q,. as regards inhibition Med. and Surg.,17, 219 (1960). 
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Pinnal Anaphylaxis: an Additional 
Anaphylactic Site 


IN some respects the mouse is a desirable experi- 
mental animal for immunological studies. Because 
of its small size and high reproductivity it can be 
used in statistically meaningful numbers. Availability 
of highly inbred strains minimizes variation in in- 
dividual response and makes it possible to select 
strains of maximal sensitivity’. 

In other respects the mouse has certain drawbacks. 
One is its relative refractoriness to anaphylactic 
challenge. Another is the limited body-area available 
for local anaphylaxis. 

Ovary® demonstrated the possibility of producing 
passive cutaneous anaphylaxis in the skin of the back 
of the mouse. He found that about 100 times as 
much rabbit antibody is necessary to induce local 
sensitization of the mouse skin as compared with the 
guinea pig. With high concentrations of reagents he 
was effectively limited to two injection sites, one on 
each side. His intravenous challenging dose of antigen 
was 1-2-mgm. hen ovalbumin. 

The present investigation was undertaken with the 
objective of increasing the number of available sites 
for local anaphylactic challenge in the mouse and, 
perhaps, introducing more sensitive sites than the 
skin of the back. The ear was selected for several 
reasons. It is a translucent structure, in which 
collection of dye released by local anaphylactic 
reaction would be readily apparent. Though prefer- 
ential inducement of capillary permeability in the 
ear, as compared with the skin of the back, is less 
marked in the mouse than in the rat and guinea pig, 
Feldberg and Miles* did find a distinctly greater re- 
sponse to 48/80 over the head, shoulders and limbs 
than elsewhere on the skin. Finally, as a 
paired structure, one ear can, if desired, serve as a 
control to the reaction in the other. This initial 
communication reports primarily on the production 
of passive anaphylaxis in the ear of the mouse, using 
a partially purified duck ovalbumin and the rabbit 
antiserum to it. 

The skin the 
impracticable to carry out 
Therefore, it was decided to instil the sensitizing 
serum subcutaneously. The mouse was lightly 
anesthetized with ether. Using 26 gauge x 4$-in. 
needles, a tenfold dilution of the antiserum was 
injected between the skin and cartilage on the outer 
aspect of one ear, while saline was injected similarly 
in the other. Volume was controlled by sight, a small 
bleb being raised. This approximates to 0-025 ml. of 
fluid per site. 

At intervals varying from 30 min. to 24 hr. after 
sensitization the mice were injected intravenously in 
a tail vein with 0-25 ml. of a solution containing 
1-25 mgm. of ‘Pontamine’ sky blue and 0-1 mgm. of 
the duck ovalbumin. Control mice were challenged 
with dye alone. A positive reaction, as exhibited 
by the local extravasation of blue dye in the ear, 
generally appeared within 10 min. and was complete 
after 30 min. The saline-injected control ears in 
antigen-challenged mice were uncoloured (apart from 
an occasional pin-prick of blue at the point of passage 
of the needle through the skin), as were both ears 
of the mice challenged with dye alone. Fig. 1 shows 
the complete results of a single experiment: no 
elimination has been made. Positive 


mouse 


and it is 
injection. 


very fine, 
intradermal 


over ear is 


selection or 


reactions have been obtained when antigen challenge 
has been carried out as early as 30 min. and as long 
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Fig. 1. Passive pinnal anaphylaxis in the mouse. Ears seen 
from inner aspect 
Ri 
* Bi 


as 24 hr. after passive sensitization of the ear, 2-3 hr 
being the optimal time for production of uniformly | ‘Le 
strong reactions. ‘Bi 
The term pinnal anaphylaxis seems most appro-| : x, 
priate to the phenomenon as the entire thickness of «pa 
the pinna appears to be permeated with the dye:) ‘Gr 
the skin on both the inner and outer aspects of the} 
ear, the subcutaneous spaces and the cartilage. 
Passive pinnal anaphylaxis has also been produced 
in intravenously blued mice on _ subcutaneous 
challenge with as little as 0-5 mgm. of duck oval-? fF; 
bumin. It has also been demonstrated in the guinea 
pig both on intravenous and subcutaneous challenge 
with duck ovalbumin and grass pollen extracts, using T 


appropriate antisera. Quantitative studies. active age 
pinnal anaphylaxis and other extensions and applica.” ™ 
tions of the phenomenon are under investigation. | “Y° 
I wish to thank Miss Janet Dewdney for technical) °*P® 
assistance, and Douglas F. Lawson for photographing cm 
the results. calei 
J. G. Fernpere } ‘hat 

comy 

Bencard Allergy Research Unit, ratio 
Beecham Research Laboratories, Ltd., obset 
Betchworth, Surrey. nam 

’ Rothberg, R. M., and Taimage, D. W., Fed. Proc., 19, 215 (196 depo: 


* Ovary, Z., J. Immunol.. 81, 355 (1958). Th 


* Feldberg, W., and Miles, A. A., J. Physiol.. 120, 205 (1953). again 
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Cytochrome c in the Heart of the ms , 
Turtle stront 

IN a thesis on the anaerobic metabolism ani/ ever, 
mechanical efficiency of the heart of the turtle, by) const 
R. Blake Reeves!, there is evidence that this hear} ratio « 
is able to work efficiently for any length of tim Thi 
without access to oxygen (nitrogen anoxia). In} Were 
view of this remarkable quality we found it interestin| Stront 
to investigate the content of cytochrome c in tht of foet 
heart of the turtle (Testudo graeca). To our knowledg.| the pu 
no such data are available in the literature™| lt had 
although reports on the cytochrome ¢ content of th betwee 
heart of the frog have been published by Keilin’. | that tl 
Six turtles were killed by ether and the heart[ diet, a) 
were weighed (3:5 gm.). The cytochrome c we One of 
extracted according to a method described by one®) Ut, ti 
us (G. B.‘); instead of ‘Amberlite XH-64’, howevel) festati 
‘Duolite CS-101’ was used in the present invest igation > ‘rom w 
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On analysis of the final eluate (reduced state) there 
was a typical cytochrome c spectrum with absorption 
maxima at 417, 521 and 550 mu. The ratio 550 my red. 

280 my ox. 
= 0-3 was very low compared with those of previous 
investigations®. Using the value of Eig 550 mu = 
22-7 for crystalline bovine cytochrome c®, the concen- 
tration of cytochrome c in turtle heart muscle was 2-7 
mgm./100 gm. wet weight, which is about the same 
content as that of heart muscle of the frog’. 

We have found it of some interest to report this 
observation in connexion with the concept of the 
electron transport particle advanced by Green’. 
Further investigations on respiratory enzymes in 
poikilotherms are in progress. 

GUNNAR BI0RCK 
Department of Medicine at Serafimerlasarettet. 
SvEN PALEUS 
Medical Nobel Institute, 
Karolinska Institutet, 
Stockholm. 
' Reeves, R. B., thesis, Harvard University, Cambridge, Mass, 
* Barcroft, J., The Respiratory Function of the Blood, Pt. 2 (Camb. 
Univ. Press, 1928). 
+ Lemberg, R., and Legge, J. W., Hematin Compounds and Rile Pig- 
ments, 377 (Interscience Pub. Inc., New York, 1949). 
‘Bidrck, G., Acta Med. Scand., 154, 305 (1956). 
Keilin, D., Proc. Roy. Soc., B, 98. 312 (1925). 
* Paléus, 8., Acta Chem. Scand., 14, 1743 (1960). 
*Green, D. E., The Harvey Lectures, 52, 177 (1956-1957). 
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Failure of a Dog to discriminate between 
Strontium-90 and Calcium given Orally 


THE ability of a mammal to discriminate against 
strontium-90 has been the subject of intensive study 
in recent years. A recent summary of the results of 
several experiments using a variety of species and 
experimental approaches indicated that bone dis- 
crimination against strontium-90 in favour of 
calcium can vary from 2 to 4 (ref. 1). This means 
that the ratio of strontium-90 to calcium in bone as 
compared with the diet, referred to as the observed 
ratio, ranges from about 0-25 to 0-50 (ref. 2). These 
observations have led to the general belief that the 
nammal always discriminates against strontium-90 
deposition to some significant extent. 

There are a few reports of a lack of discrimination 
against orally administered strontium-90. Comar 
observed a ratio of 1-0 in cattle given a single oral 
dose of strontium-90 or calcium-45 (ref. 3). No work 
has been reported in which large animals received 
strontium-90 orally for long periods of time. How- 
ever, rats were fed throughout their lifetime on a 
constant strontium-90/calcium diet and exhibited a 
ratio of 0-28 (ref. 4). 

This investigation is concerned with beagles which 
were fed a constant diet of strontium-90 (1-8 ue. 
strontium-90/gm. dietary calcium) from the beginning 
of fetal ossification (20-30 days after mating) until 
the pups reached early adulthood (540 days of age). 
It had previously been noted that the observed ratio 
between the foetus and the dam’s diet was 0-28, but 
that the growing pup, when maintained on the same 
diet, appeared to exhibit a ratio of about 1-0 (ref. 5). 
One of these pups was maintained on this same diet, 
first, through the dam during both the last half of 
gestation and the period of lactation, and secondly, 
rom weaning until 18 months of age, at which time it 
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was killed. The diet fed the dam and her litter was 
composed of 60 per cent dry kibbled ration to which 
were added 20 per cent beef and 20 per cent (by 
weight) water, including the strontium-90 dose. 
Dietary calcium was essentially all in the dry ration, 
which, by the classic permanganate method, was 
found to contain 3-3 per cent calcium by weight. 
Strontium-90 was mixed into the complete ration so 
that there were 1-8 ue. strontium-90 per 1-0 gm. 
calcium at the date of killing. The diet was fed ad 
libitum throughout the experiment to ensure a physio- 
logical approach. 

The beagle grew normally and was in excellent 
condition throughout the experiment. It exhibited 
no lesions either radiographically or on gross and 
sub-gross examination of the organ systems. The 
humerus, a rib, and one half of the mandible including 
teeth were removed, stripped of their muscular 
attachments, and stored in acetone. The bones were 
dried later and the humerus was sawn into the 
eight pieces which are specified in Table 1. Each 
sample was ashed and then analysed for strontium-90 
and calcium. The §$-detector used was a well-type 
plastic scintillator; details of the strontium-90 
measurement have been reported in ref. 6. Calcium 
in the bone samples was determined complexo- 
metrically with ethylenediamine tetraacetate (EDTA), 
which contained a small amount of magnesium 
chloride, at pH > 10 using eriochrome black 7 as the 
indicator. Magnesium in these samples comprised 
about 1 per cent of the calcium on a molar basis. The 
results are given in Table 1. 

Table 1. CONCENTRATION OF STRONTIUM-90 IN BONE FOLLOWING 


CONTINUOUS EXPOSURE BEGINNING in utero TO 18 MONTHS OF AGE 
ue, stron- 


Samples gm. gm. calcium/ uc. stron- tium-90*/gm. 
calcium gm. ash tium-90* calcium 

Proximal epiphysis 0-260 0-391 0-50 1-9 
Proximal epiphyseal 

plate 0-724 0-398 1-2 17 
Proximal metaphysis 0-744 0-392 1-3 1-8 
Proximal diaphysis 0-541 0-393 1-0 1-8 
Mid-diaphysis 0-475 0-388 0-97 2-0 
Distal diaphysis 

and metaphysis 0-476 0-388 0-93 1-9 
Distal epiphyseal 

plate 0-689 0-389 13 1-9 
Distal epiphysis 0-207 0-392 0-43 2-1 
Entire humerus 4-12 0-390 77 19 
Rib 0-492 0-386 0-94 1-9 
Left mandible with 

teeth 3-68 0-381 74 2-0) 
Diet 5 


* At date of killing. 


We conclude then that the integrated effect of an 
exposure of a beagle to an essentially constant dietary 
strontium-90/calcium level which began in utero and 
continued to young adulthood is that the relative 
strontium-90/calcium content of the bone is the same 
as that of the dietary environment. Furthermore, we 
can compare the distribution along the length of the 
humerus and in different bones, and the variation is 
not significant at the 95 per cent confidence-level. 
Thus the macroscopic distribution in bone does not 
vary from bone to bone or from trabecular to cortical 
bone. 

Our observation of a value of unity for the ratio in 
contrast with other reports of lower values serves to 
emphasize the complications in measuring the over-all 
effect of many variables, namely, species, age, nutri- 
tion, duration of exposure. Finally, we recognize that 
1-8 uc. strontium-90/gm. calcium is quite a high level, 
and, although the skeleton of the dog appeared 
normal in all respects, our observations do not pre- 
clude the possibility of microscopic alterations in 
bone growth and remodelling processes which may 
have affected the results. 
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Carbon-I4 from Nuclear Explosions 
as a Short-term Dating System: Use to 
determine the Origin of Heartwood 


THE concentration of carbon-14 dioxide in the 
atmosphere has been increasing since 1954 in a 
manner shown (for the southern hemisphere) in 
Fig. 1 (refs. 1,2). This results from carbon-14, pro- 
duced in nuclear explosions and carried up into the 
stratosphere by the associated heat, slowly diffusing 
into the atmosphere. This phenomenon can be used 
as a short-term dating system. Its use to study the 
mechanism of heartwood formation is described here. 

It is not known if the heartwood extrectives present 
in the heartwood of a tree are the result of ‘waste’ 
products of metabolism of the tree at the time of 
formation of the heartwood, or whether they represent 
material which has always been present in the sap- 
wood ring and which is converted into heartwood 
extractives when the wood is converted from sap- 
wood into heartwood. In general, the first hypo- 
thesis is favoured. To examine this point, the three 
outer heartwood rings (the 12th, 13th and 14th 
rings counted from the outside) of a Pinus radiata 
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(total number of rings, 24) felled on August 4 R 
1959, in the Kaingaroa Forest, New Zealand, were } 
taken and the heartwood extractives removed by f 
acetone and ethyl acetate extraction in a Soxhlet 
apparatus. ch 


Cellulose was then extracted from the residue. Th, ™ 
cellulose and heartwood extractives were then cor. ™ 
verted to carbon dioxide and counted in the Institute) | 
of Nuclear Science low-level carbon-14 counter. Th!) ™ 
results (all corrected to the same carbon-12/carbon-];} (E 
ratio to allow for any isotope effect in the tree or in, ™ 
the experimental manipulation) are given in Table | 
6: trie 
Table 1. ACTIVITY OF SAMPLE IN COUNTS PER MIN. FOR A 1-ATwo} . 
COUNTER FILLING acl 

All samples corrected to same carbon-12/carbon-13 ratio to correct ( 


isotope effect in the metabolism of the tree and in laboratory manip wa. 
lation. o = Standard deviation of the counting 








tania cAI TACRN a ave 
For comparison, the (by 
Heartwood | atmosphere at the mmr 
Cellulose | extractives | time of formation of inje 
heartwood is given 
_——_——$ | | al S00 
Outer ring of 39-5 39-7 7-2 n 
heartwood o= 017 o = 0-17 effe 
imn 
Fizst inside ring 39-7 39-8 44-8 
o=017 o = 0-17 j In 
DT 
Second inside 39-4 39-1 ig 
ring 5= 017 | o = 0-23 42-6 high 
radi 
noul 
It is seen that for a given ring of heartwood, th !ong 
extractives correspond in activity to the cellulose ani 
not to the atmosphere at the time of their conversion 
from sapwood to heartwood. The activity of th been 
cellulose corresponds to the activity of the atmospher neith 
when it was the outer ring of the tree (before nuclea mob: 
explosions). hehe 
More specifically, it might be said that (at tl veha 
99 per cent statistical confidence-level) less tha unde 
6 per cent of the carbon in the heartwood extractive 
in the outer ring of the heartwood comes from the _ 
atmosphere in the year of its conversion from ol Th f 
wood to heartwood. This might suggest that th © § 


sapwood of a pine tree always contains the materia 
which will be converted to the heartwood extractive} 84 


when that portion of the tree is converted fror radio. 
sapwood to heartwood. This raises the interestin 
theoretical possibility of artificially inducing th: Tabie 


formation of heartwood. 

It is hoped to publish later a detailed account 6 
this and related work. 

It should be pointed out that this phenomenon ‘ 
increase of carbon-14 in the atmosphere provides} | j99 
short-term dating system of great value for bi . 
logical and other problems*. Due to exchange wit 
the oceans, this unique situation will not last fo 
more than a few years?. Thus, full use should be 
made of this effect by as many workers as possib) 
in the immediate future. | 

The experimental work described in this con 
munication was carried out when I was on the sta’) 
of the Institute of Nuclear Science, Lower Hutt, Ne 


Zealand. I thank the Forest Research Institut aah 8. 

Rotorua, for supplying the samples. 
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Victoria University of Wellington, — 
New Zealand. .. 
1 Ferguson, G. J., paper presented at the Int. Oceanographic Congte ) 100 D 
New York (September 1959). » T 
* Rafter, T. A., and Ferguson, G. J., V.Z. J. Sci. Tech., 38, B, ©) > 


(1957). 


* Broecker, W. S., and Olson, E. A., Science, 182, 712 (1960). _ 
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Removal of Internally Deposited Radionuclides 
by Triethylenetetraamine-hexaacetic Acid 


INCREASING the number of donor groups in 
chelating agents can give rise to the formation of more 
stable chelates'-* and, therefore, to a higher mobiliza- 
tion of internally deposited trivalent and other metal 
ions of higher valency. This has been demonstrated 
with ethylenediamine - NNN‘N’ - tetraacetic acid 
(EDTA) and diethylenetriamine-NNN’N’‘N’-penta- 
acetic acid (DTPA)*-5, that is, with chelating agents 
with 6 and 8 donor groups respectively. For this 
reason extension of this work to the 10-dentate 
triethylenetetraamine - NNN ’N ’N” N’’’ - hexaacetic 
acid (T'THA) seemed to be worth while. 

Carrier-free cerium-144, yttrium-91 or strontium-85 
was injected intravenously in rats 7-9 weeks old 
averaging 165 gm. in weight. The chelating agents 
(by courtesy of J. R. Geigy, S.A., Basle) were given 
immediately or at different time-intervals after the 
injection of the nuclide. As shown in Table 1, TTHA 
reduces the radiocerium content of the skeleton more 
effectively than DTPA, when given simultaneously or 
immediately after the administration of the nuclide. 
In the liver, however, under the same conditions, 
DTPA is more effective than TTHA. The comparative 
higher effectiveness of DTPA in mobilizing deposited 
radiocerium from the liver becomes still more pro- 
nounced if the chelating agent is administered after 
longer time intervals, whereas the superiority of 
TTHA over DTPA in the removal of radiocerium 
from the skeleton vanished. Analogous results have 
been obtained for radioyttrium (Table 2); but 
neither TTHA nor DTPA had any effect on the 
mobilization of radiostrontium. 

The causes for the observed differences in the 
behaviour of these two chelating agents are not yet 
wnderstood. It may be assumed tentatively that 
TTHA forms to some extent polynuclear colloidal 
chelates which may be metabolized differently from 
the smaller molecules of the 1 : 1-DTPA chelates. 
The greater effectiveness of TTHA as compared with 
DTPA in the removal from the skeleton—the critical 
organ for most radionuclides—of radiocerium and 
radioyttrium can be of therapeutical value in certain 


Tabie 1. 
PERITONEAL ADMINISTRATION OF THE CALCIUM CHELATES. 
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cases and 
radionuclides, 


justifies further investigations on other 
especially plutonium. 
A. CaTscH 
D. ScHINDEWOLF-JORDAN 
Institut fiir Strahlenbiologie, 
Kernforschungszentrum, 
Karlsruhe 1 
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Incorporation of Phosphorus-32 into 
Urinary Concretions forming on Zinc 
Implants in Rat Bladders 


Ir has been proposed that labelling with radio- 
isotopes might be useful in studying the rate of 
formation of urinary calculi in experimental animals 
as a function of environmental conditions. The 
proposal was based on the fact that in siliceous 
urinary stones of bovine origin, which contain traces 
of phosphorus and calcium, diffusion and subsequent 
exchange of phosphorus-32 and calcium-45 with the 
non-radioactive counterparts of the stone material 
do not readily occur across the mucoprotein lamina- 
tions'. It was felt that if stone formation occurs 
layer by layer, short-term massive administration of 
phosphorus-32 to an experimental animal forming a 
laminated calculus would result in incorporation of 
the radionuclide into a single or limited number of 


laminations, and that subsequent exchange into 
other laminations would be negligible. Further, if 


administration of phosphorus-32 were then stopped, 
and exchange from other parts of the body did not 
cause significant levels of phosphorus-32 in urine, 
subsequent laminations would be relatively free of 
label. Therefore periods of exposure to various 
environmental conditions could be alternated with 
periods of administration of isotope, and the amount 
of material deposited between the laminations 


INFLUENCE OF DTPA AND TTHA ON THE DISTRIBUTION OF CERIUM-144. THE ANIMALS WERE KILLED 3-12 DAYS AFTER THE INTRA- 
THE DOSAGE, IF NOT OTHERWISE STATED, WAS 250 “MOLES/RAT 





Percent of control  — . 
Mean and fiducial limits (P = 0-05) 














No. of | ——- ————_—_—_—_——_—— —— — ——— 
Treatment animals Liver ft. Kidne ys | Skele ton. 
siaiieemaiiilimass ee incre ilaeeneatenaitiaaeal - ent 
100 DTPA ‘ Taree 10 0-11 ( 0-08— 0-14) 14 ( 9-5- 21) | 13. (09-18). 
TTHA fsimult. (intravenous) 10 0-23 ( 0-17- 0-31) 14 ( 91- 21) | 0:45 ¢ 0-33- 0-62) 
DTPA “Larter 2 mi 28 1:00 ( 0-78- 1-30) | 19 (16-0- 23) 10-00 ( 9-00-12-00) 
Tek fet = mee. 27 1:50 ( 1-30- 1-70) 16 (14-0- 19) 5:20 ( 4:50- 6-10) 
DTPA fter 241 22 21-00 (19-00-24-00) 54 (43-0— 68) 72: (64-00-80-00) 
TTHA jeteet oe nr. 12 33-00 (27-00—40-00) 64 (53-0- 77) 68-00 (62-00-74-00) 
eer 13 28-00 (23-00-33-00) 86 (63-0-117) | 72-00 (67-00-82-00) 
rea foe Se coy 13 55-00 (48-00-63-00) 86 {68-0-109) | 75°00 (67-00-84-00) 
DTPA ‘\on Sth. 7th, 9th day 18 11-00 ( 8-40-14-00) 70 (53-0- 91) 61-00 (53-00-70-00) 
7, fe Em, Oo 18 29-00 (23-00-36-00) 74 (58-0- 95) 58-00 (52-00-65-00) 
Table 2, INFLUENCE OF DTPA AND TTHA ON THE DISTRIBUTION OF YTTRIUM-91. THE ANIMALS WERE KILLED 3-6 DAYS AFTER THE INTRA- 


PERITONEAL ADMINISTRATION OF THE CALCIUM CHELATES. 


THE DOSAGE, IF NOT OTHERWISE STATED, WAS 250 uMOLES/RAT 








Per cent of control 
Me: an and fiducial limits (P - = 0-05) 




















No. of -_—-- ——— ——_— ————_ — —_— 
Treatment animals Liver Kidneys Skeleton 

DTPA ether © wale 12 36 (26-51) 23 (18- 30) 57 ( 4:9- 6-6) 

— 12 42 (28-62) 25 (18- 33) 3-9 ( 3-6- 4-3) 

ad DTPA after 24 hr. (intravenous) a 57 (45-71) | 89 (54-149) 81-0 (74-0-87-0) 

» TTHA J* wr cans 10 54 (44-65) 68 (43-107) 83:0 (77-0-89-0) 

; DTPA on Ord das 13 50 (39-66) | 76 (46-126) 76-0 (70-0-83-0) 
: TTHA os 14 61 (47-79) 88 (54-144) 79°0 (74-0-85°0) 
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containing the isotope would serve as a measure of 


the effect of environment. The results reported here 
are from preliminary experiments designed to assess 
certain aspects of the usefulness of this technique in 
studying calculi formation. 

Rats were chosen as the experimental animal since 
it has been possible to form artificial calculi on zinc 
implants in this species readily*:*. It was deemed 
necessary to determine the urinary excretion of 
phosphorus-32 following massive doses of that 
isotope in order to establish whether or not the 
urinary level would subside rapidly enough to ensure 
that incorporation would become negligible between 
doses. Results from typical determinations of the 
excretion of urinary phosphorus-32 after a massive 
dose (40 uc./rat) are shown in Fig. 1. The results 
indicated that excretion of that isotope in the urine 
following administration decreased rapidly and was 
largely terminated after 8-10 days. The possibility 
of labelling single or a few laminations seemed 
feasible. 

Thirty rats were therefore implanted with zinc 
pellets by techniques previously described*® to induce 
calculi formation. The rats were fed 15 gm. of 
ground laboratory rat chow per rat per day. One 
group received 0-40 gm. of CaHPO,.2H,0 per rat per 
day as a supplement and other groups received 
0-38 gm. of K,HPO,, or 0-086 gm. of tetraethyl 
silicate. An additional group served as controls. 

The stones removed at autopsy (10 days after the 
second administration of phosphorus-32) were washed, 
dried and embedded in epoxy resin to serve as a 
mount. The mount was ground to expose the stones. 
Further careful grinding removed enough material 
to allow examination of a central transverse plane of 
the specimens. Microautoradiographs were prepared 
as previously described'. 

Fig. 2 shows an example of the mounted stones 
from the group receiving calcium phosphate supple- 
ment and Fig. 3 shows a microautoradiograph of the 
same stone. The results were encouraging. There 
was sufficient phosphorus-32 incorporated to provide 
adequate exposure for the nuclear-track plate in 
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Fig. 1. Excretion of phosphorus-32 in the urine 








Fig. 2. Typical mounted rat calculus showing the zinc implant 
in the centre with the concretion surrounding the implant 
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Fig. 3. Microauioradiograph of the stone shown in Fig. 2 | hem: 

} plete! 

4-5 days, in spite of the relatively short half-life o| result 
phosphorus-32. The apparent lack of incorporation! 10B t 
into two separate concentric rings corresponding to dilute 
each dosage period was due to the fact that thes) hemc 
stones, as shown by diffuse, low-intensity mucicarmim) Of 
staining, were not grossly laminated with alternate) cent) 
inorganic and mucoprotein layers. The lack a) the p 
mucoprotein layers apparently allowed random) faint 
exchange of phosphorus to occur throughout th! clearh 
stone. Stones which were removed from other rats! benzic 
of the other groups and which contained enough bom 
deposit to yield a satisfactory microautoradiograph| geneti 
were similar to that shown. No un 

Incorporation of phosphorus-32 was more that; Con 
adequate for microautoradiography. It was some) biliruk 
what lower in the rats receiving a tetraethy] silicate} borns 
supplement than in the others. With silicate supple} no evi 
ment. the stones were probably of the high-silicon but} ahapt« 
low-phosphorus type*, and hence less incorporation} Of | 
would be expected. None of the stones was grossly} new-bc 
laminated, and therefore showed only slight separa} three s 
tion into distinct rings labelled with phosphorus-32. | an esti 

If present experimental work on formation @ 
siliceous calculi on zine implants in the bovine speci} ble 1. 
provides an adequate means of producing such| 
calculi, then it is anticipated that the phosphorus-3 
labelling technique will be very useful. Most siliceous) | Deters 
bovine stones are strikingly laminar’ ; this is not the ~_ 
ease with stones from rats, and bovine stones do) —— 








contain enough phosphorus to ensure that sufficient a 
incorporation of phosphorus-32 would be expectei —— 
cen 


with little inter-laminar exchange. These preliminary) germ } 
results suggest that the method offers promise in thef ™bin, : 
study of the rate of formation of bovine calcd 
under experimental] conditions. 
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HAMATOLOGY 


Haptoglobin Patterns in Cord Blood 
Serums 


ALTHOUGH haptoglobin is almost always present in 
normal adult serums, it is demonstrable in only about 
10 per cent of cord blood serums by the technique of 
starch-gel electrophoresis'. The factors accounting for 
this large percentage of ahaptoglobinzemic new-borns 
are obscure. The present communication is based on 
a survey of cord-blood serums undertaken in an 
attempt to evaluate some of the factors accounting 
for the high frequency of ahaptoglobinemia in the 
new-born. At the same time, work was carried out 
to substantiate that the new-born baby with detect- 
able haptoglobin produced it himself. 

Two hundred and twelve cord blood serums were 
subjected to the horizontal starch-gel electrophoresis 
technique of Smithies*, using Poulik’s discontinuous 
buffer system’. Before electrophoresis, sufficient 
hemoglobin was added to each serum to saturate com- 
pletely any haptoglobin present. One half of each 
resultant gel pattern was stained with amido black 
10B to detect protein bands, and the other half with a 
dilute benzidine stain to locate the haptoglobin— 
hemoglobin complexes’. 

Of the 212 cord blood serums examined, 27 (13 per 
cent) had detectable haptoglobin. As had been noted‘, 
the patterns, though characteristic, were frequently 
faint or not detectable with the amido black, and 
carly definable only with the more sensitive 
benzidine stain. Haptoglobin typing of these new- 
born babies’ parents revealed no exceptions to the 
genetic hypothesis of Smithies and Ford-Walker‘. 
No unusual haptoglobin types were encountered. 

Comparison of hemoglobin, hematocrit and serum 
bilirubin-levels between the ahaptoglobinemic new- 
borns and those with detectable haptoglobin revealed 
no evidence to suggest that im vivo hemolysis caused 
ahaptoglobinzeemia (Table 1). 

Of fourteen cord blood serums examined from 
new-born babies with birth-weights less than 2,500 gm.., 
three showed haptoglobin. The smallest tested, with 
an estimated gestational age of 28 wk. and a weight 


Table 1. COMPARISON OF NEW-BORN BABIES WITH AND WITHOUT 








HAPTOGLOBIN 
| 
Ahaptoglobinemic new- | New-born babies with 
Determina- born babies haptoglobin 
tions * No. | No. 
tested Mean Range tested Mean Range | 
Hemoglobin | 
. per cent 182 17-3. 12-0-23-2 | 27 16°9 13-6-21-2 
ematocrit , | 
per cent 180 58 40-78 | 26 59 45-80 | 
Serum bili- } | 
mubin, mgm. | | 
per cent | 182 64 1:0 -180| 26 5:7 2-0-14-0 
| 


* Performed at 2 days of age. 





ve. s7e0 August 12, 1961 NATURE 717 


at birth cf 1,106 gm., had haptoglobin of the 2-2 
type. The mother had haptoglobin type 2-2 as well. 

A higher number (13 of 27) of new-born babies 
with Hp 1-1 was found than would be expected in a 
randomly selected, predominantly Caucasian popula- 
tion such as this series represented. This was probably 
due to the greater technical ease of detecting the 
single band Hp 1-1 type when the total serum hapto- 
globin concentration is low. 

In 12 of the 27 instances of cord blood serums with 
detectable haptoglobin, the mother’s type differed 
from that of her offspring. This finding is indicative 
of the production of haptoglobin in utero by these 
twelve new-born babies. Of these twelve hetero- 
specific baby—mother haptoglobin combinations, nine 
new-born babies showed Hp 1-1. For these nine 
it might be argued that the smaller molecular weight 
haptoglobin 1 species crossed the placenta from their 
Hp 1-2 mothers, to give Hp 1-1 patterns in the new- 
born serum. However, in the remaining three hetero- 
specific baby—mother combinations, the new-born was 
Hp 1-2. The mothers of two of these had Hp 2-2 
patterns, so their offspring must have produced the 
Hp 1 species of molecule in utero. The mother of the 
third new-born had Hp 1-1, giving evidence that her 
Hp 1-2 offspring must have produced the Hp 2 
species of molecules under its own genetic control. 
This evidence for the foetal production of haptoglobin 
corroborates the findings of Galatius-Jensen, who 
reported four mother new-born haptoglobin com- 
binations with differing types in mother and baby‘. 

We thank Dr. Stewart H. Clifford, project director at 
the Boston Lying-in Hospital, for making the hemo- 
globin, hematocrit and bilirubin values available 
to us. 
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Serum Factor Gmo among the 
Iranians 


Or all the genetically determined serum con- 
stituents which have been called Gm factors, the 
factor Gm, discovered by Grubb’, is the most fre- 
quently studied from the point of view of its dis- 
tribution among different populations. Hitherto, the 
proportion of Gm(a+) subjects found among persons 
of the white race has varied between 67 and 39 per 
cent (Table 1). 

We have examined 296 Iranian subjects, coming 
from different regions, whose blood samples were 
taken at the Transfusion Centre of the Iranian 
Army, at the time of their medical examination for 
military service. These subjects were twenty years old 
and apparently in good health. 
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fable 1. THE SERUM FACTOR Gm@ AMONG THE VARIOUS POPULA- 
TIONS OF THE WHITE RACE 
Population No. tested Gmia+) Gmia-—) Ref. 
(per cent) (per cent) 
Lapland 110 67-3 32 1 
Finland 477 65 35 4 
England 133 61 39 5 
Norway 320 60°6 39-4 6 
Sweden 360 59 40-3 7 
Australia 100 8 42 Kirk, 1948 
Denmark 1,084 956 44-4 8 
France 300 7-3 42-7 3 
France 1,000 61-7 48-3 9 
France 300 54°3 45-7 10 
Italy (south) 25 40-2 AOR 5 
Greece 308 39 61 9 
Poland 167 39-5 60-5 12 


The sera were separated from the clots at the 
Transfusion Centre, put in sterile bottles, sealed and 
sent by air to the laboratory for study. 

The determination of the factor Gm was carried 
out by the tube technique with the same anti-Rh 
serum as that used in our previous work?-’, and 
with the same serum from patients suffering from 
rheumatoid arthritis. These reagents, as well as the 
erythrocyte samples coming from the same donors, 
had thus been previously selected and controlled. 

Out of the 296 sera examined, we found 163 
Gim(a+) and 133 Gm(a—), that is, 55-4 per cent 
Gm(a+) and 44-6 per cent Gm(a—) respectively. 


As the subjects examined came from different 
parts of Persia, the distribution was calculated 


separately for each of the 13 groups which could be 
defined. 

The results for seven of them are presented in 
Table 2. The number of individuals coming from 
other regions (Mazadran, Kermanchah, Pharse, 
Kurdestan, Gorgan, Kerman and Yazd) too 
small to allow the calculation of the frequency to 
have any significance. 


was 


[able 2. DISTRIBUTION OF THE Gme« FACTOR IN THE DIFFERENT 
PROVINCES OF IRAN 
No Number Gmi(a +) 
tested Gm(a +) (per cent) 
Azerbaijan 458 26 
Gilan 45 25 
Tehran 57 31 
Isfahan 38 21 
Kashan (QOM) 27 16 
Hamadan 19 y 
K hurasan 19 12 








fable 3. RELATION BETWEEN THE Gm¢ FACTOR AND THE BLOOD 
GROUPS 
Gmia+) Gma(—) 
No. Per cent 
No. Per cent No. Per cent 
A 89 30-1 44 27-0 45 33-8 
B 71 24-0 45 27°6 26 19°6 
0 115 38-8 63 38-6 §2 39-1 
AB 21 71 11 68 10 7-5 
Total 296 163 55-4 133 44-6 


So far as the relations between the factor Gm@ and 
the antigens of the blood groups A, B, O are con- 
cerned, the distribution gave us a value of y*, which 
was not significant. 

A quantitative determination of the y-globulins was 
carried out on each of the samples of serum and, as in 
previous work, no notable differences were observed 
between the average percentages of y-globulins of 
} and Gm(a- 


Gm(a-4 ) subjects. 
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Thus, the distribution of Gm factors among the 
lranians is nearly the same as that previously found } 
for persons of the white race. f 
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Histochemical and Homogenization Studie °' 

of Mitochondrial «-Glycerophosphate vet. 

Dehydrogenase in the Nervous System | 

flavo 
AN insoluble brain enzyme capable of oxidizing 

x-glycerophosphate' has been shown to be part of 4) Tabie 
purely mitochondrial system which resembles suc 
cinate dehydrogenase in that pyridine nucleotide 
do not participate in electron transfer*. Histo 

chemical localization of this activity in mammalian) —— 

nervous tissue was made difficult by the fact that ro 
tetrazolium salts are ineffective electron-acceptors inj 

preparations which oxidize «-glycerophosphate. Maxi Sueci 

mal reaction-rates, however, were obtained by using) ppy, 
2-methyl-1,4-naphthoquinone (menadione, K,) #| 


intermediate acceptor. Histochemically, this effec} _ 
was first demonstrated by Wattenberg in liver slices'{ ___ 
We found that menadione could be substituted by the} «+ ae, 
sodium bisulphite derivative, but the diphosphon a: 

acid ester (‘Synkavite’), vitamin K,, and 1,4-benzo§ 


quinone were ineffective. All 
In the presence of reduced menadione (K,H, both 
tetrazolium salts are reduced to formazan pigment! 20ate 

This reaction, which is non-enzymic*, renders histo-{ Purifie 

chemically visible the reduction of X, by its reductas K,-dey 

Formazan formation by K,H, occurred above pH 6! produc 
Bis y 


and at neutral and slightly alkaline pH; this reaction ‘ | 
could compete successfully with both auto-oxidatio} 2). It 





of K, and the activity of K,H,-oxidase (compar) Yariou 
ref. 5). At pH 7-4 we found the rate of tetrazolium) ant 
reduction by rat brain mitochondria in the presence ® iodine. 
K, to be about 50 per cent higher with a-glycere: Williar 
phosphate than with succinate as substrate. Ths has de 
result compares favourably with measurements © aap 

dog an 


respiration-rate in the presence of oxygen®. 
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a-Glycerophosphate—menadione re- 
ductase activity in oligodendrocytes, The inactive motor ganglionic 


Fig. 1. Rat spinal cord. 


cell is counter-stained with thionine. (x 560) 
Fig. 2. As Fig. 1, but activity inhibited by addition of phenyl- 
indane-dione. (x 560) 


Histochemical reactions were carried out on 2—8u 
fresh frozen sections of rat tissue which were incubated 
for 15 min. at 22° in media containing substrate 
(10-?.M), 3-(4-5-dimethylthiazoly] - 2) - 2-5 -diphenyl 
tetrazolium bromide (MTT) (10-3 1), cobalt chloride 
10°M), tris(hydroxymethyl)aminomethane _ buffer 
pH 7-4 (0-1 M), sucrose (0-25 M), polyvinylpyrroli- 
done (1 per cent). High activity with «-glycerophos- 
phate as substrate was observed in neuroglia (Fig. 1) 
in cells of choroid plexus, in ependyma and in vascular 
structures. Moderately strong activity was observed 
in ganglionic cells in certain areas (for example, spinal 
ganglia) ; motor neurones were inactive. 

Quantitative studies were carried out on rat brain 
homogenate using the histochemical systems and 
the results are shown in Table 1. The specific activity 
of washed brain mitochondria (prepared according to 











Studie: . = 
ate | ref. 7) was compared with the activity of the re- 
mainder of the cytoplasmic fraction containing soluble 
item flavoproteins. 
yxidizing | 
yart Of 8) Table 1, TETRAZOLIUM REDUCTION BY RAT BRAIN FRACTION IN 
sles sue-! PRESENCE OR ABSENCE OF MENADIONE* 
cleotide 7 
iato Mitochondria Cytoplasmic 
a Substrate Addition at | of fraction 
mmalian | —____—_ |} ——_—__— 
; : a-G:lycerophosphate 
act that (10-? M) none 0-15 0-06 
eptors i; 1 re K; 0-95 0-91 
i: Succinate (10-* M) none 0-22 0-26 
eo. Max c K, | 0-47 0-47 
by usiNg) DPNH (10-* M) non 0-42 0-40 0-20 
; . i K 1-16 1-50 1-10 
K,) . TPNH (10° Mf) none 0-22 0-22 0-25 
nis effec} =, : K, 1-24 1-10 1-15 
er slices.§ —__ 2 oe wu 
ad by the * Activity expressed as wgm. formazan/mgm. protein/min. 
r10sphori +a: Freshly prepared; 6, frozen-thawed twice. 
,4-benz0 | j a 
| All the enzyme reactions tested were sensitive to 
r both dicoumarol (10-*M) and p-chloromercuriben- 
(Ayo, 
pigment | zoate (10-°M), thus resembling the reactions of a 
srg histo-) Purified brain diaphorase*. Selective reduction of the 
eductas.) X;dependent increase in mitochondrial activity was 
e pH 6! produced by 2-phenyl-indane-1 3-dione (PID) 
; reactions (5 x 10-*M), both in vitro and histochemically (Fig. 
oxidation! 2). It is likely that PID exerts a similar action on 
(compat’} Various mitochondrial systems in other organs, since 
trazoliun) 8 antagonistic effect of K, and PID on uptake of 
regenced’| ‘dine-131 by rat thyroid slices has been observed by 


x-gly cert 
te. Th 
ments © 


Williams and Doniach (unpublished results). Wosilait® 
has demonstrated different inhibitory activity of 
dicoumarol and PID on vitamin K,-reductase from 
dog and rat liver. 
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Amobarbital can act as inhibitor of both reduced 
diphosphopyridine nucleotide (DPNH)—coenzyme Q 
reductase!®»" and purified brain diaphorase*. In our 
experiments its sole effect (at 5 x 10-*M concentra- 
tion) was to abolish the K,-induced increase in mito- 
chondrial tetrazolium reduction with succinate and 
a-glycerophosphate as substrates. On the other hand, 
mitochondrial activity with pyridine nucleotide- 
linked systems was not affected. Antimycin A 
partially inhibited direct tetrazolium reduction with 
a-glycerophosphate and succinate as substrates, but 
did not impair formazan production via K, as the 
intermediate electron carrier. With DPNH and 
reduced triphosphopyridine nucleotide (TPNH) as 
substrates, no effect of antimycin A on the rate of 
formazan formation could be demonstrated in the 
presence or absence of K;3. 

The extensive glial activity of mitochondrial 
x-glycerophosphate dehydrogenase is of interest in 
view of the important part played by mitochondrial 
glycolysis in brain metabolism!*. The histochemical 
reaction involving K, and «-glycerophosphate prob- 
ably uses a pathway different from that leading to 
direct enzymic tetrazolium reduction. In accordance 
with Wosilait and Nason}, the present enzyme should 
be termed a-glycerophosphate-menadione reductase. 


R. Hess 
A. G. E. 
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Ethylene Glycol Monomethy! Ether, 
a New Fixative for Histological Work 

WHILE studying the guinea pig mast cell', we have 
discovered a new chemical family of histological 
fixatives, namely, the glycol ethers. These alcohol 
derivatives, possessing both an ether and an alcohol 
group, are miscible with most liquids and are excellent 
solvents for a variety of substances completely 
insoluble in water. Marketed under the trade names 
of ‘Cellosolves’ and ‘Carbitals’, they have found wide 
use as solvents for cellulose esters in the lacquer 
industry. Conversely, they do coagulate and precipi- 
tate proteins as well as mucopolysaccharides. 

Our initial observations were made on the guinea 
pig mesentery, with special reference to the labile 
water-soluble mast cell. Excised specimens were 
immediately placed in the test solutions (100 per cent 
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concentration, ice cold) and remained there for 18 hr. 
Afterwards, staining of this naturally thin membrane 
was achieved with methylene blue (0-25 per cent 
aqueous, 3 min.), dehydration in absolute ethyl 
alcohol (2 min., twice), clearing in xylene (5 min., 
twice), and whole mounts made in a synthetic resin 
medium (HSR). 

Ethylene glycol monomethyl ether acetate proved 
to be the best coagulant fixative of seventeen members 
of the glycol ether family which were studied. It not 
only regularly gave solid blue-black mast cells, but 
also produced a highly desirable intensification of the 
general staining. The other mesenteric cells showed 
fine nuclear detail, and collagen fibres were distinct. 
Significantly, the parent substance, ‘Cellosolve’ 
(ethylene glycol mono-ethyl ether), was also an 
excellent fixative of the mast cell and its use led to 
almost selective staining of the mast cell. The 
mesentery and its other cells stood as a pale almost 
non-staining background for the vivid blue-black 
mast cells. Here the distinct basophilic granules 
were in evidence and at times the nuclear space was 
apparent as a non-staining vacuole. The poly- 
morphism of the mast cell was particularly striking. 
In the control specimens degranulation was not seen. 
When such mast cell discharge was induced pharmaco- 
dynamically, the fixative faithfully captured the 
free granules. 

The excellence of these fixatives for the guinea pig 
mesentery led us to explore the general usefulness of 
the glycol ethers in fixation of other mammalian 
tissue, using standard paraffin embedding and staining 
procedures. Using normal as well as_ diseased 
human skin, as a test object, it was found that 
ethylene glycol monomethyl ether produced superior 
fixation of the cellular components even at room 
temperature. Nuclear detail, colour brightness and 
contrast, and glycogen fixation were particularly 
attractive attributes of the slides prepared from 100 
different biopsies. However, in specimens 
polarization or streaming of the cytoplasm was seen. 
A variety of stains were used with consistently fine 
results and it was found that washing out of the 
fixative was not necessary. 

Despite the rather awesome list of available 
fixatives*, Baker has pointed out that the number of 
substances really useful in chemical fixation is still 
very small*. Accordingly, ethylene glycol mono- 
methyl ether and certain of its congeners are recom- 
mended as new non-aqueous fixatives deserving of 
further trial in histological and histochemical work. 
They may prove particularly rewarding in fixed 
tissue enzyme assays of water-soluble components. In 
our laboratory they have been of continuing value in 
the fixation and staining of mast cells. 

This work was conducted under the sponsorship of 
the Commission on Cutaneous Diseases of the Armed 
Forces Epidemiological Board and was supported by 
the office of the Surgeon General, Department of the 
Army. 
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Adaptive Value of Regenerative . 
Ability ) 

THE view that the distribution of regenerative 
ability among and within animals is not correlated 
with the incidence of loss or damage to their organs, 


and so with survival value, rests very heavily on the} | 
work of Morgan! on the hermit crab, Eupagurus | 

longicarpus. He concluded that the regenerative i : 
ability of its various appendages was not correl: ated | fi 
with their liability to loss: in particular, the last two ‘ 


pereiopods (thoraci ic walking legs) and the abdominal 
appendages, all of which are protected inside the hos | ° 
shell and are rarely lost, regenerate well. He also} ® 





found that limbs regenerate not only at their autotomy! ™ 
plane, classically regarded as an adaptation to facili.) ™ 
tate both escape and regeneration, but also when of 
amputated proximally or distally to the plane al 
Recent work? has tended to confirm in some detail} “ 
the neo-Darwinian view that regenerative ability ;{ ™ 
correlated with its utility, as measured by the lo 
incidence of natural losses. However, since consider 
able emphasis has again* been placed on Morgans} P° 
conclusions, it seems worth re-examining his results th 
in the light of a survey made a few years ago (Augus F P* 
1955) on EZ. bernhardus. f by 
Eighty-two individuals, 423 and 409, wer fe 
collected at Seaton, south-east Cornwall. The; th 
were removed from the shell after fixation in alcohol,’ ™ 
and examined under a low-power binocular micro. P™ 
scope for fresh and long-standing (natural) losses of pal 
eyes, first and second antennze, pereiopods and rn 
abdominal appendages. Long-standing losses include she 
those in the course of regeneration. Recent losses! = 
are due mainly to irritation by the fixative. Of the} a 
abdominal appendages, the pair of uropods and the} 


left-side members of segments, 3, 4 and 5 are normall; h 








present in both sexes. In addition, the left appendag 
of segment two is normally present in the fernale, } a 
all others being absent in both sexes. a 
The flagellum of the second antenna fracturs! “%° 
. . : | rend 
readily at any point and the distal end was found 
a lites : o * ; thre 
missing in most individuals. In addition, eleven aad 
showed a recent loss. Losses to the other appendages | hich 
were: g 
mec] 
Table 1 to ex 
of tl 
: : ; ' fema 
ppendages - = " a 
Fresh Long-standing | Fresh Long- standing | abdo 
Eyes 0 4 0 3 i ‘berr 
Antennules 0 1 0 1 ' thora 
ae —— —— Ff mem! 
Pere jopods i dur; 
1 (chele) 7 5 ri 2 : urin 
2 0 0 3 0 t limbs 
3 0 1 (tip) 2 0 
: : s —_—J/ males 
4 0 0 0 0 limb 
5 0 0 0 0 
, menté 
Abdominal ' 
2 normally absent 0 0 
3 « ( 0 0 
4 1 2 0 0 Der 
> 0 l 0 0 U 
6 (uropods) 9 0 0 0 
~ _ | * Morgar 
1: —_—" : (19¢ 
The incidence of loss is seen to be related to th ' Needs 
degree of exposure of the appendages, but with o¥} ‘Tufail, 
eunenting exception, the abdominal appendages ¢ — 
the male. Morgan also found some of these appenty ‘Needha 


*Needha 


ages missing, but dismissed the matter lightly . 
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“it is possible that the (abdominal) appendages may 
be occasionally lost”. His percentage of losses 
(4 in 100 crabs) was somewhat less than half that 
among the pereiopods (29 in 288 crabs), both per- 
centages being similar to those of the present analysis. 
It was therefore unwarranted to conclude that the 
ability of the abdominal appendages to regenerate 
has no useful biological significance. 

Morgan claimed that these appendages regenerate 
virtually as well as the anterior pereiopods, but in 
fact he had only 10/47 (21 per cent) successful 
regenerations compared with 10/12 (92 per cent) for 
the latter. Similar quantitative differences are 
evident between his records for regeneration at the 
autotomy plane and those for regeneration elsewhere 
ina limb. These last results are in essential agree- 
ment with more recent results for the thoracic limb 
of Asellus*, in which the distribution of regenerative 
ability seems adaptive in every detail. Morgan 
tended to minimize quantitative differences in ability 
and to magnify differences in susceptibility to 
loss. 

If he had measured all as carefully as his data 
permitted, he could have brought out more clearly 
the unique properties of the uropods and the last two 
pairs of pereiopods. These properties are confirmed 
by the present results and by themselves present a 
far more serious challenge to the ‘adaptation’ theory. 
These appendages all regenerate very well, yet are 
rarely found missing or regenerating. The right-hand 
pereiopods 4 and 5 appear to be usually shorter and 
paler than those on the left and the short right 
uropod is sometimes paler and possibly thinner- 
shelled than its partner, but these may be normal 
ontogenetic aspects of the general asymmetry of the 
posterior part of the body and there was no com- 
pletely convincing case, in the present results, of 
natural losses in the process of regeneration. 

In explanation of the behaviour of these limbs, it is 
important to appreciate their indispensable role in 
movements in and out of the gastropod shell and in 
anchoring the hermit inside it. The loss of one limb 
renders its partner also useless, and probably all 
three pairs are individually indispensable. This 
would be an adequate adaptive basis for both their 
high regenerative ability and their lack of autotomy 
mechanisms. Incidence of loss is related directly 
to exposure, but also inversely to the indispensability 
of the appendage. This may explain also why the 
female, unlike the male, does not lose her other 
abdominal appendages, which are used to carry the 
‘berry’ after oviposition. A parallel case is the fifth 
thoracic limb of the mature male Asellus*, both 
members of the pair being essential to hold the female 
during the (considerable) period before coition. The 
limbs autotomize readily in females and immature 
males. Like the Eupagurus limbs in question, the 
limb of the mature male regenerates well if experi- 
mentally amputated. 
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Simultaneous Eradication of Three 
Ectoparasitic Species from a Colony of 
Laboratory Mice 


THE mange mites and blood-sucking louse com- 
monly infesting laboratory mice (to the almost 
certain detriment of survival and fecundity) can be 
entirely eradicated by modern topical and systemic 
pesticides. The present communication gives details 
of a proved, if time-consuming, procedure whereby a 
one-room colony of four hundred cages was cleared of 
three of the following ectoparasites (Fig. 1): 

Mange mites. (i) Myocoptes musculinus', off-white ; 
massive brown claspers on third and fourth pairs of 
legs ; concentrates on the body, especially neck and 
rump ; may thickly encrust the skin ; clusters of pink 
eggs on each hair often discolour the coats of albinos. 
Eradicated. 

(ii) Myobia musculi', all-white; claspers on first 
pair of legs ; concentrates on the head, especially at 
the base of whiskers and eye-lashes; sometimes 
causes weeping sores ; white eggs, one at the base of 
any hair. Eradicated. 

(iii) Psorergates simplex*, white ; no claspers; all 
stages found together within pustules under the skin, 
especially facial skin; severe manifestation’ rare. 
Virtually eradicated. 

Blood-sucking louse. (iv) Polyplax serrata, 1 mm. 
long ; highly mobile ; silver eggs attached half-way 
along the hairs. Eradicated. 

Prospects of disinfestation. Residual infestations 
remained after sulphur dust‘, lindane’:*, tetmosol*® 
and dibutylphthalate* had been used as whole-body 
treatments, and none seemed capable of disinfesting 
an entire colony. Only tetmosol caused no distress 
to the mice; it was also observed to kill Polyplax 
instantlv. 

However, at least four pesticides untried by me 
have some prospect of eradicating all the above mouse 
pests. The simplest to use would be the systemic 





Fig. 1. Representations to scale of the four ectoparasitic species 

on laboratory mice. The largest is the louse Polyplaz; the 

others, from top to bottom, are the mites Myecoptes ¢ (the 

abdomen of the male scarcely protrudes beyond the last legs), 
Myobia and Psorergates 
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pesticides tedion’:* and trolene*, both widely applied 
to farm animals, if suitable doses for their addition 
to the food or water can be found for mice. Other- 
wise, the topical pesticides chlordane or malathion'® 
could be tried. A single application of chlordane to 
fresh bedding is known to eradicate Polyplax from 
mice‘, and the murine mites might be equally sus- 
ceptible, since those on hamsters were considerably 
reduced in numbers by the remote action of chlordane 
painted on to the trays of their cages''. Similarly for 
malathion: a single dip killed all Myocoptes™ ; 
routine treatment of bedding cured a colony of 
myocoptic and myobial manges where mice were 
frequently introduced from outside sources® ; and it 
might prove effective against Polyplar, having been 
used successfully against lice on birds’. 

The present method uses an aqueous dip of tetmosol 
and DMC. DMC had already been used in 50 per cent 
alcoholic solution, first to free a small colony from 
Myocoptes™, and afterwards a much larger colony 
from Myocoptes, Myobia and Polyplax (Carter, T. C., 
and Lyon, M. F., personal communication). In these 
cases, each mouse was bathed three times at five-day 
intervals, and very great care was needed to ensure 
survival. For this reason, after the first room of the 
larger colony had been disinfested, mice from the 
remaining rooms were treated at birth by removing 
the mites with forceps, swabbing the mice once only 
with the DMC solution, and then fostering them 
immediately on to already disinfested mothers 
(Carter, T. C., and Lyon, M. F., personal communica- 
tion). But disinfestation can be more casual if DMC 
and tetmosol are presented together in aqueous 
emulsion, using the tetmosol both to augment the 
miticidal action of DMC and to be the effective 
insecticide in the absence of alcohol. 

A dip was made by mixing: 2 gm. DMC dissolved 
in 3 gm. ethanol; 67 gm. tetmosol, and 1 litre warm 
tap-water. The gift of the DMC, or di-(p-chloro- 
phenyl)methylearbinol, by Sherwin Williams Inc., 
Cleveland, Ohio, is gratefully acknowledged; the 
tetmosol, a 25 per cent solution of tetraethylthiuram 
monosulphide, was supplied by IL.C.I. (Pharma- 
ceuticals) Ltd., Wilmslow, Cheshire. The dip was 
maintained at 30°-37° C. in a water-bath no hotter 
than 40° C., otherwise mice falling into it could be 
killed. Mice were given two dippings 1 hr. apart and 
two further dippings 1-3 weeks later. The first and 
third dippings were prevented by air pockets from 
killing every parasite but made the skin thoroughly 
receptive to the dip on the next occasions ; the third 
and fourth dippings mopped up rare survivors. On 
each occasion the mice swam for half a minute and 
were submerged about six times, were drained for 
three-quarters of a minute while the next mouse was 
swimming, and then returned to their cages—to their 
old cages after the first and third dippings, and to 
clean cages after the second and fourth. <A few 
severely chilled mice had to be specially revived in 
warm air. 

Disinfestation was started when no new litters were 
immediately expected and the mice could be treated 
as adults or well-grown weanlings. All mice had the 
first two dippings within 5 weeks, and many stocks 
were by then completely disinfested. About a quarter 
of the mice were required for breeding before their 
final dippings could be given, and complete disin- 
festation of these stocks was deferred up to six months 
and applied to later generations. During this time 
the disinfested stocks were isolated so far as possible 
on the upper shelves, and hands were scrubbed before 
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handling them. But no lice and very few mites 
survived the ancestral second dipping, and recon. 
tamination was not observed. The full treatment 
averages 3 min. per mouse, but much time might be 
saved by dipping only once in a more concentrated 
and penetrating emulsion to which a harmless wetting 
agent such as | per cent sodium alkylaryl sulphonate? 
had been added, and by treating several mice together 
in baskets constructed for the purpose. 

Altogether, 1,700 mice were treated without loss, 
About one thousand of these became parents and 
were minutely inspected under a stereoscopic micro. 
scope at autopsy. In subsequent generations , 
similar number, representing 10 per cent of sires, haye 
been inspected on the face and back. No Myocoptes, 
Myobia or Polyplax have been seen in the 24-3 yr, 
since treatments were completed, nor have Psorer. 
gates pustules been recognized in the past half year, 

NIGEL BATEMAN 


Agricultural Research Council’s 
Animal Breeding Research Organisation, 
Edinburgh, 9. 
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A Natural Hybrid of Tilapia nigra and 
Tilapia leucosticta from Lake Naivasha, 
Kenya Colony 


CicuuIp fish of the genus Tilapia are of considerable 
importance in both natural fisheries and pond culture 
in many tropical and subtropical climates, particu- 
larly throughout Africa. Certain species have proved 
to be adaptable to varied environmental conditions, 
and consequently there has been a _ considerable 
artificial dispersion of species beyond their natural 
geographical range, as far afield as Malaya ani 
Pacific islands, and including high-altitude waters in 
several parts of Africa. This transportation ha 
brought into contact species which were hitherto 





geographically isolated, and due, at least in part, t0/) 


this, there is an increasing number of records 0 
hybridization. Lowe! first directed attention t 
possible hybridization between 7’. nilotica (Linné) ant 
T. nigra (Giinther), and between 7’. nilotica ani 
T. esculenta Graham in Uganda. Yashouv ani 
Chervinsky* have crossed 7. nilotica and T’. galiles 
(Artédi) in Israel, and Bard? reports a hybrid betwee 
T. nilotica and T. machrochir Boulenger in cultur 
ponds in the Cameroons. More recently, Hickling’ 
crossed a Malayan strain of 7’. mossambica Peters wit! 
another of the 7’. mossambica group from Zanzibat 
and Mortimer* has hybridized 7’. mossambica ani 
T. andersoni (Castelnau) in culture ponds 2 
Northern Rhodesia. 

Excluding Lowe’s! unconfirmed observations, not 
of these hybrids has occurred in ‘natural’ waters. Tr 
crosses recorded by Hickling’ and Mortimer* wer 
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y mites n h | for the introduced black bass (Micro- 
recon: B pterus salmoides (Le Seur)). Rainbow 
atment trout (Salmo gairdnerii (Richardson) 
Light be have also gained access from the 
ntrated affluent rivers and Lebistes and Gam- 
wetting busia were introduced for mosquito 
honate’ control. Most recently, 7’. zillii was 
ogether stocked from ponds in Kisumu, Kenya. 
In postulating hybridization be- 
ut loss, ween 7’. nigra and 7’. zillii, Whitehead 
nts and ns 10 00 6 1002 6 10 (unpublished work) noted certain simil- 
Ponies r arities between a proportion of his 
t1ONS 4 hybrids and 7. leucosticta Trewavas, 
es, have | although the agreement was not 
yocoptes, complete. On the basis of White- 
hy yr. head’s? communication and some of 
Peorer. his unpublished results, Trewavas and 
alf year. Greenwood! suggested that the hybrids 
TEMAN were in fact 7’. leucosticta, another 
mouth-brooding species, which had 
gained access to Lake Naivasha by 
F accidental inclusion in the T. zillii 
stocking. In addition, they did not 
exclude the possibility of some hybrid- 
é ization having occurred between T. 

J. Bem nigra and T'. leucosticta. 
The occurrence of both pure 7. 
790 (1950), f leucosticta and hybrids between 7. 
leucosticta and T. nigra has been 
confirmed by more recent work, on 

bastae wal Lake Naivasha. 

| During a routine analysis of some 
five thousand fish, numerous specimens 
J were collected, the taxonomic charac- 
4 (1950) | ters of which agree in detail with the 
2 (1953), description of 7’. leucosticta given by 
Lowe’. In addition, however, eleven 
specimens, of 28-31 cm. total length, 
and were recognizably distinct from both 
asha, T’. leucosticta and T.n igra, and showed 
a variable complex of intermediate 


, : characters. The field characteristics 
siderable = QT OT 6 02 6 p26 OL 6 GF G Of 6 Of & @68€OF CG on which they were originally dis- 
culture ‘ . , Yr ae : : tg, 
d Fig. 1. Abscisse@: all figures from left to right, (n) 7. nigra, (h) hybrids, (2) T. tinguished were depth of body, profile 


| particu: itn _ leucosticta, as numbers of fish. of head, shape and size of mouth, 
v® proved; inates: (A) Lateral line scales. (B) Dorsal fin spine number. (C) Anal fin count of anal fin spines and coloration. 
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— | spine number. (D) Extent : ye 2 B 

onditions, ome 4 < spine tt 5 < aie fit, 6 < a a pts wD Further examination of the meristic 
siderable fone (6) Raia of Kectaldentc at mevasaitest att Radon wer pharyngeal and morphometric characters of those 
r natura) dentary. (J) Ratio of length/width of dentary. (K) Ratio or standard length/length specimens confirmed their intermedi- 
laya and ot Conteay Sone acy, and a summary of the principal 
waters ih 7 characters is given in Fig. 1. 

ation has} the results of deliberate attempts to produce im- Confirmation of the hybrid identity has not yet 
, hitherto} Proved strains for fish culture work. been attempted by artificially crossing 7’. nigra and 


n. part, te! In all the instances mentioned, the species belong T. leucosticta, but there can be little doubt that 
ecords 0} the ‘maternal brooder’ group of Tilapia, in which hybridization has occurred, and that Whitehead’s’ 
ention % the female normally broods the eggs and young inher original description was based on a mixture of pure 
,inné) ani} Mouth. T. leucosticta and T. nigra x T. leucosticta hybrids. 
lotica ani Ih East Africa, 7’. zillit (Gervais), a macrophyte The fact that all these hybrids were mature males and 
houv and) {eder, has been more widely dispersed than most the low proportion in the total population may invite 
T. galiles other species, in the hope that it will clear weed- speculation regarding their viability. This cannot be 
d betweet choked waters ; and Whitehead? has described a cross established until a very much wider size-range has 
in cultut between the female mouth-brooding species 7’. nigra been examined, since sexual dimorphism occurs in the 
Hickling} “d the ‘substratum-spawning’ 7’. zillii in Lake growth of both 7. nigra and 7’. leucosticta, the males 
eters wit! Naivasha and also in a flooded rice paddy field at the being somewhat larger. 

Zanzibar Tebere Rice Irrigation Scheme, Kenya. Lake This investigation was undertaken as a necessary 
mbica ani Naivasha is @ shallow basin of some eighty square preliminary to a study of the fishery potential of 
ponds i miles, which originally contained only one species, Lake Naivasha. It is now possible to identify 7’. nigra, 
{plocheilichthys antinorii (Boulenger), endemic to 7’. leucosticta, T'. zilliti and T. leucosticta x T. nigra 
ions, none Lake Naivasha and southern Ethiopia. During the hybrids in @ population formerly considered to be pure 
aters. Th re forty years, _various other species have been T. nigra and 7’. zillii. However, the exact taxonomic 
mer wert Mifodueed : 7’. nigra was stocked to provide forage identity of a large proportion of the Naivasha Tilapia 
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still remains to be determined, owing to the very wide 
and variable range of colour, meristic and morpho- 
metric characters which has been encountered. 


H. Y. Evper 
D. J. Garrop 


Freshwater Fisheries Research 
Organization, 
Jinja, Uganda. 
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East African 


Further Observations on 
a Filamentous Saprophyte from Wookey 
Hole Caves 


WorK now completed on this unusual organism, 
found growing in darkness in rather stagnant water 
of Wookey Hole Caves, Somerset, has yielded some 
information additional to that reported earlier’; but 
the identity of the saprophyte remains unknown. 

The organism, although slow-growing, may be 
successfully cultured in the light or in darkness on a 
range of solid and of liquid media, and can readily 
utilize glucose, sucrose and mannose. A notable 
feature is its great plasticity of form, which may 
vary, dependent on the cultural conditions, from 
septate, branching filaments to chains of rounded 
cells which almost separate from one another. X-ray 
diagrams of the cell wall show some similarity to 
those of yeasts. Usually there are several very small, 
obscure nuclei per cell, and photosynthetic pigments 
are lacking. On certain media the organism produces 
large amounts of oil, especially in old cells; thick- 
walled chlamydospore-like bodies, which give rise 
to fine filaments on germination, are formed in some 
cultures. On media low in glucose, anastomoses are 
frequent; however, no sexual organs have been 
observed, despits the wide range of cultural con- 
ditions and treatments investigated. 

A full, illustrated account of this saprophyte, 
which seems to show more affinity to the fungi than 
to the algae, will be given elsewhere?. 

A. J. WILLIs 

Department of Botany, 

University of Bristol. 

* Round, F. E., and Willis, A. J., Nature, 178, 215 (1956). 


* Willis, A. J., Proc. Univ. Bristol Speleological Soc., 9, No. 2 (in the 
press . 


Axenic Seedlings of Drosera 


CARNIVORY in higher plants fascinated Darwin! 
and later students of evolution, yet a century-long 
debate* on the extent of Drosera’s dependence on, and 
specialization for, insect prey remains inconclusive. 
A technique for obtaining axenic D. intermedia (a 
sundew) is reported here—a step forward in analys- 
ing its biochemica] capabilities. 

Biisgen® preferred seedlings to winter buds as more 
uniform experimental subjects. Vegetative plantlets 
are better, as they circumvent genetic variation. 
However, for purposes of aseptic cultivation, seeds— 
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easier to handle and protected by their hard coat— 


are best, assuming that vegetative propagation 
follows. Seeds were collected in September (between 
ripening and shedding) at Bethel, New York, and } 


stored dry at room temperature for 8 months. For 
sterilization, seeds were immersed in an aqueous 


solution of ‘Clorox’ (5 per cent) plus ‘Aerosol’ OT 
(0-02 per cent) for 10 min. with constant shaking, 
then washed three times in sterile distilled water and 
inoculated in batches of 10-12 from the water to agar 
slants (composition in Table 1). 


Table 1. COMPOSITION OF SLANT MEDIA 

Compound mgm./100 ml. final medium 
NH,NO, 12-0 
KH,PO, 6-8 
MgS0,.7H,0 12-0 | 
Fe(NH,),(SO,)3.6H,O “56 W 
CaCO, (dissolved in HCl) 2-0 
Sucrose 2,000-0 
Trypticase (Baltimore Biological Lab.) 50-0 H 
‘Complete Supplement No. 10°* 0-5 ml./100 ! 
Agar 1,000-0 30 


pH 6-0 
* An aqueous solution of B vitamins, amino-acids, hydrolysed 
nucleic acids, and an acid hydrolysate of casein (Hycase, Sheffield) 
quite similar to ‘complete supplement No. 9’ given in ref. 4. 


’ 
i 
| Di 
; 


For uniformity, seeds for each experiment were | *S¢ 
sterilized together. Viability of unsterilized seeds on 
was not determined. Of 3,200 seeds on slants stored - 
3 months at room temperature in the dark, only two | 
germinated. Exposure to indole-3-acetic acid, gibber- 
ellic acid, dilute sulphuric acid, high temperature 
(37° C.), or freezing followed by either high or room 
temperature, did not enhance germination. 

However, several slants left on a west-facing win-| § 
dow-sill in September showed 6 per cent germination 
after one month, suggesting physical germination . 
stimuli. D. intermedia in southern New York State} ° 
normally germinates in March and April on the moist | evic 
surface of acid bogs. Temperature- and light-alter- | “ne 
nation, reported stimulatory to germination in various | — 
other plants®, were tried. Freshly inoculated slants eh 
were subjected to a cycle of 12 hr. at 15° C. and 12 hr. _— 
at 38°C., and either illuminated by two 40-W. ps 
‘cool-white’ fluorescent lamps or kept in the dark 
when desired, by wrapping the tubes. Germination } 5 
was observed after 5 weeks of treatment. As shown} \°™ 
7 : : > pthe | 
in Table 2, seeds subjected to a temperature-cyele } d 
plus light showed significant germination, but not 
when exposed to constant temperature or placed in} 
the dark, at any temperature. No dark period is} 
necessary. | 


* Cre 


Table 2.! Errect OF LIGHT AND TEMPERATURE ALTERNATION os | 
GERMINATION OF D. intermedia curre: 





| Percentage germination * 


| Constant 





Alternate 
Light and dark 


| Light Dark 








15° C. constant 0 0 0 
38° C. constant 2 0 0 
15°-38° C. alternation 44 p 4 31* 





* Each sample contained about 100 seeds. } 

+ In the temperature-light alternation, the illuminated phase ws month 
at 38° C., the dark at 15°C. The reciprocal experiment (light at 15°C, washe 
dark at 38° C.), was not done. Wat 


Growth is erratic, some seedlings dying quickly, P%uate 
others putting forth several small but well-developed alm ¢ 
leaves. Media and conditions for sustained growth— © 
are not yet satisfactory. As seedlings (Fig. 1) a ee 
now readily available, this step is accessible # “urthe 
experiment. At spee 
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Fig. 1. An axenic Drosera intermedia seedling at 1 month (x 4). 
_ Black ovals are ungerminated seeds. 
Some of this work was done at Brandeis University, 
Waltham, Massachusetts. 
RicHarp M. Burcer* 
100 Haskins Laboratories, 
305 East 43rd Street, 
New York 17. 
yee | Present address: Adelphi College, Garden City, New York. 
. 4. 1 Darwin, C., Insectivorous Plants (D. Appleton and Co., New York, 
97). 
nt were me T., and Linnemann, G., in Rhuland, W., Handbuch 
der Pflanzenphysiologie, 11, 198 (Springer-Verlag, Berlin, 1959). 
d seeds | spascen, M., Bot. Zeitung, 41, 569, 585 (1883). 
s stored quytner, S. H., Baker, H., Aaronson, S., Nathan, H. A., Rodriguez» 
mily two } Bn Lommwees. i. Sanders, M., and Petersen, R. A., J. Protozool.» 
° gibber- ean 7. ond Barton, L. V., Physiology of Seeds (Chronica 
pe rature Botanica, Waltham. Massachusetts, 1957). 
or room 
ing win-| Spore Liberation and Dispersal of Coffee 
mination Rust Hemileia vastatrix B. et Br. 
mination Nutman, Roberts and Bock! have produced 
am pared evidence recently that Hemileia vastatrix uredospores 
~~ a | are not liberated into the air from fructifications by 


| wind alone at speeds up to 12-5 miles/hr. and only in 
small quantities if the supporting leaf flutters 
violently. They infer that contact of water with the 
pustules is the principal method of liberation. 
However, investigations in the field made during 
rainstorms at the Coffee Research Station, Ruiru, 
Kenya, by me in 1956 had shown that wetting of 
the lower leaf surfaces was usually not very marked 
uure-cyel } ang was principally by upward splash from lower 
but ne ileaves. Rust lesions are confined to the lower surfaces 
placed Mh and would be too infrequently hit for this to be the 
perio | predominant method of spore liberation. Micro- 
jscopie observations of lesions brought in from the 
(field showed that spores were not dislodged by air 
currents alone to any marked degree. However, 
—_——— ‘with plants grown in the still air of a greenhouse, 
ion* alight tap on a rusted leaf produced a visible spore 
——|| cloud. Recently, rust lesions resulting from the 


n various 
ed slants 
nd 12 hr. 
o «640-W. 
the dark 
‘mination | 
As shown 


‘RNATION 05 


iternate || Moculation of a coffee plant kindly supplied by the 
t and dark | ) Royal Botanic Gardens, Kew, and kept in a laboratory 
> | pwere found not to liberate spores under calm con- 

Z iditions, but abundant liberation occurred when they 
___ Jere tapped lightly. A lesion tapped at 2-3 week 


intervals liberated 366,100 spores during three 
ed phase ws) Months, and only some further 50,000 could be 
ight at 15°C. Owashed off at the end of this period. 

Water droplets allowed to fall on leaves at points 
situated above fructifications, previously kept in 
alm conditions, produced abundant spore liberation ; 
ior example, ten 5-mm. diameter droplets dropped 
trom a height of 4 ft. liberated 396,600 spores. 
Further, from such fructifications, currents of air 
At speeds estimated as less than 1 mile/hr. produced 


iz quickly, 
-developed 
.ed growth 
Fig. 1) ar 
cessible 
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marked liberation. A current not greater than 2 
miles/hr. deposited 23,440 spores on 2-5 cm.? of 
sticky surface held 1 cm. behind a fructification. 
These observations contrast strongly with those of 
Nutman!. 

Thus, under field conditions, liberation of spores 
into the air is probably considerable, though in 
accord with their rate of fall', and as liberation is 
probably most marked during rainfall, the majority 
may well be deposited near their point of origin as 
indicated by Burdekin’s* observations. The epidemic 
spread may thus approximate to that expected for a 
fungus disseminated by rain-splash. 

In fructifications kept under calm conditions, 
stocks of spores are built up by the fascicles of 
hyphze which erupt through each stoma forming 
short, irregular filaments several spores wide. Small 
mechanical impulses cause these to break off and 
fall away. Under field conditions, few spores will be 
ready for liberation at any one time and this may 
explain Nutman’s' observations, since his experi- 
mental material was brought in from the field. 


R. W. Rayner 
12 St. Peter’s Square, 
Hammersmith, 
London, W.6. 
* Nutman, F. J., Roberts, F. M., and Bock, K. R., Trans. Brit. Mycol. 
Soc., 43, 509 (1960). 
* Burdekin, D. A., Kenya Coffee, 25, 212 (1960). 


Production of Symptoms of Barley 
Leaf-Spot Disease by Culture Filtrate 
of Helminthosporium sativum 


Ir has been reported by several investigators'-‘ that 
symptoms of some diseases could be reproduced by 
the action of the culture filtrate on the host plant, 
instead of using the infecting spores. 

During 1957-58 a series of experiments were 
carried out at the Phytopathological Laboratory, 
Willie Commelin Scholten, Baarn, Holland, on the 
susceptibility of the different Dutch barley varieties, 
namely, Agio, Balder, Piroline and Wisa, to the leaf- 
spot disease caused by Helminthosporium sativum 
P. K. and B. Pathogenicity tests were carried out 
under glasshouse conditions where seedlings of the four 
barley varieties were sprayed with a standardized 
suspension of Helminthosporium spores. The typical 
brownish necrotic spots appeared on all seedlings. 
The most resistant variety, as indicated by the size 
of the necrotic spots, was Balder, followed by Agio, 
then Wisa, while Piroline was the most susceptible. 
The same experiments were repeated, but under field 
conditions, where identical results on mature barley 
plants were obtained. 

It was thought interesting to study the response of 
these different barley varieties to the probable toxic 
action of Helminthosporium filtrate. Accordingly, the 
fungus was grown on modified Fries No. 3 medium‘ 
for 4 weeks at 25° C. The filtrate was passed through 
a glass filter to get rid of spores and tiny mycelial 
fragments. The filtrate was distributed into sample 
tubes. For each of the four barley varieties, four tubes 
were prepared in each of which three cut shoots were 
dipped. The cut shoots dipped in the filtrate were 
left afterwards for 48 hr. at room temperature ranging 
from 15° to 20° C. Brownish necrotic spots, similar 
to those induced by spore infection, were clear on the 
four varieties. In addition to the necrotic symptoms, 
cut shoots showed wilting and twisting, and they became 
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dark green in colour. Necrotic lesions, which appeared 
due to the toxie action of the filtrate, had almost the 
same size in the four varieties, denoting that the 
resistant, as well as the susceptible, varieties of 
barley responded similarly to the toxic action of 
Helminthosporium filtrate. It was also possible to 
reproduce symptoms of oat blight by using the culture 
filtrate of Helminthosporium victoriae*. Dilution of 
the filtrate with water 1 : 100 did not affect symptom 
reproduction, while filtrate diluted to 1 : 1,000 failed 
to reproduce symptoms on any of the barley varieties. 

During 1958-1959 pathogenicity of the Dutch 
strain of Helminthosporium sativum to the Egyptian 
barley variety Baladi 39 and to the Sudanese variety 
Baladi was tested. The two varieties proved to be 
moderately susceptible to infections by Helmintho- 
sporium spores. The degree of susceptibility of both 
varieties was more or less comparable with that of the 
Dutch variety Agio. When cut shoots of the Egyptian 
variety Baladi 39 and the Sudanese variety Baladi 
were dipped in Helminthosporium filtrate, prepared 
exactly under the conditions mentioned, the shoots 
wilted, twisted and became darker in colour, but no 
necrotic symptoms could be detected at all. Hence, 
reproduction of natural symptoms on these African 
varieties was unsuccessful by using the filtrate of the 
Dutch strain of Helminthosporium sativum. Such 
differences between symptom production by the 
fungal pathogen and symptom reproduction by its 
filtrate emphasize the specificity of the host variety 
on which natural symptoms can be reproduced. 
Further work on this point in which African strains 
of Helminthosporium are involved, and on the nature 
of the toxins produced by the fungus, is in progress, 
and full details will be published later. 

S. K. GayED 

Botany Department, 

Faculty of Science, 
University of Khartoum, 

Sudan. 

' Zentmeyer, G, A., and Horsfall, J. G., Science, 95, 512 (1942). 
* Dimond, A. E., (Abs.) PAytopath., 37, 7 (1947). 
* Wheeler, H. E., and Luke, H. H., (Abs.) Phytopath., 44, 334 (1954). 
‘Pringle, P. B., and Braun, A. C., Phytopath., 47, 369 (1957). 


Effect of Excess Supply of Heavy Metals 
on Barley during Germination, with 
Special Reference to Catalase and Peroxi- 
dase 


THE injurious effect of the excess supply of heavy 
metals on plant growth, among other factors, has been 
attributed to induced iron-deficiency'-*. Recently*-’, 
it has been shown that heavy metals such as cobalt, 
nickel, copper, molybdenum and chromium, when 
supplied in excess, depress chlorophyll and catalase ; 
in some instances peroxidase is also depressed. The 
repeated application of iron-ethylenediamine tetra- 
acetic acid to plants receiving the heavy metals 
mitigates the effect of heavy metals* on chlorophyll, 
catalase and peroxidase. 

In order to test the effect of heavy metals on 
catalase and peroxidase before chlorophyll had 
developed, some preliminary investigations were 
made on barley (Hordeum vulgare) and ‘kharbooza’ 
(Cucumis melo) during germination. Contrary to the 
results obtained with adult plants, in seedlings the 
synthesis of catalase seemed to be stimulated at 1 mM 
concentration of cobalt. The investigation was 
extended to other heavy metals, and the effect of 
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cobalt, nickel, molybdenum and chromium supply, De 


each at 1, 5 and 25 mM concentrations, on barley sent 
during germination was studied. Each of the excess Ac 
heavy-metal treatments was superimposed on a basa] | Scie! 
solution*—the full nutrient solution. The seeds were assis’ 
soaked in the appropriate nutrient solution for 12 hr. 

and then transferred to Petri dishes containing filter 
paper liberally moistened with the solution in which 

the seeds had been soaked. The Petri dishes were De 
maintained in diffused light at room temperatures Un 
which varied between 19° and 23° C. 








Table 1. EFFECT OF THE EXCESS SUPPLY OF HEAVY METALS oy Mowe 
GERMINATION AND CATALASE AND PEROXIDASE. Smit 
Results expressed as percentage increase (+) or decrease (—) over * Crook 
values obtained with seedlings given basal solution (ref. 6) ‘Walla 
car in — —— = * Agarw 
Germination ver 
Treatment Catalase Peroxidase (length of first |‘ Agarw 
formed root) * DeKoc 
a b a b iis 
Cobalt 1mM +44 +53 - 20 -15 +21 
5mM +53 +33 > -11 -22 —35 
25mM +61 ~ 10 -39 —d64 es 
Nickel ImM +30 +24 -6 -10 —27 
5mM +147 +61 -21 -49 -77 
25mM +105 +24 -64 -78 — 96 An 
Molybdenum 1 mM +2 +27| -7 +13 +] 
5mM +25 -25/-11 -47 — 86 
25mM i; -22 -57)| -—-57 -76 | No emergence T 
Chromium l1mM +36 -3'-28 -49 — 8 Ro 
5mM | +152 +35) -47 -72 - 96 of flea: 
25 mM | + 112 +26, -—71 -—76 | Noemergence the gel 
- pane “RRR ONE RE ERNE — wi y 
a, Expressed on fresh weight basis; 6, expressed on per-seedling basis * idely 
plague 


At 1 mM supply germination was slightly stimu- here ec: 
lated by cobalt and depressed by nickel and chromium. |sperma 
At 5 mM and 25 mM concentrations germination was X. chec 


depressed by cobalt, nickel, molybdenum and 
chromium. 
There was active synthesis of catalase during 


germination—eight-fold increase in 120 hr. from the 

soaking of the seeds in the basal solution. Excess | 
supply of cobalt, nickel and chromium stimulated the 

synthesis of catalase, the effect being very marked at 

5 and 25 mM supply each of nickel and chromium. 

No stimulation of the synthesis of catalase was found 

with molybdenum at 5 and 25 mM concentrations. 

In the germinating seeds, the main region for the 

synthesis of catalase was the growing embryo, that is, 
the developing root and shoot tissue. At 5 and 25 mM 

supply of nickel and chromium, although the forma-, 
tion of catalase-synthesizing tissue was _ severely 

restricted, yet the catalase expressed on the per seed 

basis was found to be higher than in seedlings raised 

without the excess supply of heavy metals. 

As compared with catalase, peroxidase synthesis 
was slow—less than two-fold increase in 120 hr. 
from the soaking of seeds in the basal solution. Excess 
supply of heavy metals depressed peroxidase. Uptake 
of oxygen by the seedlings, as measured in a Warburg 
apparatus at 32° C., and total dehydrogenase activity, 
as measured by the reduction of tripheny]-tetrazolium 
chloride, were also depressed by the heavy metals, 








During 
py for | 


the effects being more pronounced in the growing? Suelo . 
as 


embryo than in the rest of the seedling. 
The uptake of heavy metals continued even when'Permathe 
the germination was severely depressed and in general Permethe 
the heavy metals depressed the uptake of iron. Ne ene 
The stimulation of the synthesis of catalase by the slight 
excess supply of heavy metals would mean not only of the 
the increased synthesis of the protein moiety 
catalase but also increased synthesis or at least 
availability of iron-porphyrin for the formation ¢ 
catalase. This result cannot be explained in terms 
the hypotheses advanced to date to explain the 
of the excess supply of heavy metals in plants. 
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»ply, Detailed results of the investigations will be pre- 
arley sented elsewhere. 
<cegs Acknowledgment is made to the Council of 
basal _ Scientific and Industrial Research, India, for financial 
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ENTOMOLOGY 
4 An Abnormal Form of Female Rat Flea, 
Xenopsylla cheopis Roths. 


6 


gence ROTHSCHILD, in 1911, separated the three species 
2 of fleas, X. cheopis, X. astia and X. brasiliensis of 
gence the genus Xenopsylla found on rats. X. cheopis is 
ie ,widely distributed in the tropics and is the principal 


plague flea in India. The three species (29) mentioned 
stimu. here can be easily ‘dentified by the shape of the 
mium. |jspermatheca. Until now, it has been reported that 
on was X. cheopis has a single spermatheca!-* (Fig. 1). 

a and 


during 
ym. the 
Excess | 
ted the 
-ked at 
ymium. 
} found 
ations. 
for the 
that is, 
25 mM 
forma- , 
everely 
er seed 


3 raised 


mthesis 
120 hr. 
Excess 
Uptake 
Varburg 
ctivity. : , : 
ssclian During a routine collection of rat fleas from Delhi 
otalst*Y for conducting insecticide susceptibility tests, 
growing? single specimen of X. cheopis (92) was observed 
Phich has the normal typical spermatheca and another 
- when'P*Tmatheca-like structure (Fig. 2). The normal 
. general’Permetheca has all the characteristics of a typical 
Ipecimen : (1) the tail is much longer and at the base 
5 by the!” is slightly wider than at the head; (2) the terminal 
‘ot only art of the tail is longer and narrows gradually; and 
siety of ) the lower margin of the head and tail-end are at 
at leas bout the same level (Fig. 2, A). The additional 
mmatheca-like structure (the tail-end of which is 
mpst close to the terminal part of the tail of the 
pical form (Fig. 2, B) is pear-shaped and has a smal] 
unt tail, but no distinct head portion. 





Fig. 1. 


( x 132) 
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There has been no previous record in the literature, 
so far as we know, of the occurrence of a similar 
abnormality in X. cheopis (99). 

, M. I. D. SHARMA 


G. C. JosuHt 
Malaria Institute of India, 
Delhi. 


1 Jordan, K., A Handbook for the Identification of Insects of Medical 
Importance by Smart, J. (printed by order of the Trustees of the 
British Museum, 1956). 

? Pollitzer, R., Plague. World Health Organization, Monograph Series 
No. 22 (World Health Organization, Palais des Nations, Geneva, 
1954). 

* Roy, D. N., and Brown, A. W. A., Entomology (Medical and Veter- 
inary) (Excelsior Press, Calcutta 12, 1954). 


MICROBIOLOGY 


Role of the Pentose Phosphate Pathway in 
Pasteurella multocida 

Ir is acknowledged that in a large number of 

bacteria the main path for carbohydrate oxidation 

is the pentose phosphate cycle or other metabolic 


sequences not involving the Embden—Meyerhof 
pathway'. In the genus Pasteurella, work on P. 


pestis has shown that growing cells oxidize glucose 
through the pentose phosphate pathway’, but 
resting cells oxidize glucose through the combined 
action of glycolysis and the citric acid cycle*. In 
contrast with this metabolic duality, in P. multocida 
the pentose phosphate cycle is the main path for 
carbohydrate oxidation, both in growing and resting 
cells, and in regard to the citric acid cycle its principal 
role seems to be to supply carbon skeletons for the 
synthesis of amino-acids. These conclusions are 
borne out by experiments carried out with P. multo- 
cida (strain Beaufort No. 28 from the Institut Pasteur 
cultured aerobically for 4 hr. (growing cells) or 24 hr. 
(resting cells)) at 37° and pH 7-2 in a medium made 
of meat extract, 5 gm.; yeast extract (Difco), 1 gm.; 
peptone, 30 gm.; sodium chloride, 5 gm.; glucose, 
20 gm.; agar, 25 gm. and water up to 1 litre. Our 
observations can be summarized as follows. 

(a) Resting P. multocida oxidizes glucose, fructose, 
gluconate and ribose. The Qo, values (ul. oxygen 
consumption/mgm. dried cells/hr.) of the cells 
incubated with 5 mM substrate, in mM phosphate 
buffer pH 7-2 at 37°, were 24 with glucose or fructose, 
18 with gluconate and 12 with ribose (control, 
2-3-2-6). 
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Fig. 1. Radioactivity of carbon dioxide evolved during the oxida- 
tion of [1-"*C] and [6-"C] glucose by P. multocida. Incubation 
in double side-arm Warburg manometers. 23-2 mgm. (dry weight) 
of bacterial cells suspended in mM phosphate buffer, pH 7-2 with 
53 mM [*C} glucose (3-70 x 10° counts/min.); total volume, 
2-65 ml.; 0 15 > mil. 2-7 N potassium hydroxide in the centre well 
and 0-20 ml. 3N — yhuric acid in one side-arm; air in the gas 
space; temperature, At the intervals stated, the acid is tipped 
into the main ¢ ompartme nt of the flask and the incubation con- 
tinued for 15 min. The carbonate fixed in the alkali is pre- 
cipitated as barium carbonate for carbon-14 counting as de- 
scribed — (ref. 5). Line A, [1-'*C]-glucose; line B, 
[6-"C] glucose Q0,, 22:2; control (without glucose), 1-3 


(6) The specific activity of the carbon dioxide 
produced by oxidation of [1-'*C] glucose with resting 
cells of P. multocida is much higher than with [6-"C]- 
glucose (Fig. 1). An approximate evaluation of the 
contribution of the pentose phosphate cycle to glucose 
oxidation can be calculated‘ by extrapolating to zero 
time the ratio of the specific activities of the carbon 
dioxide produced from [6-'*C] glucose and [1-*C] 
glucose, respectively. From the results shown in 
Fig. 1, about 85 per cent glucose should be oxidized 
through the pentose phosphate cycle. With growing 
P. multocida the results are similar. 

After oxidation of carbon-14 glucose (1, 6 or 
G) by resting or proliferating P. multocida, the cells 
incorporate carbon-14. Paper chromatography and 
radioautography of methanol—water extracts® of the 


cells show the labelling of: (1) glucose, glucose-6- 


phosphate, fructose-1,6-diphosphate, 6-phosphoglu- 
conate, ribose-5-phosphate, and sedoheptulose-7- 
phosphate; (2) lactic, succinic, fumaric and malic 


acids; and (3) glutamic and aspartic acids, alanine, 
threonine, leucine, tyrosine and valine-tryptophan. 

During the oxidation of [6-™C] glucose by resting 
P. multocida, the kinetics of distribution of carbon-14 
(per cent) in the sugar phosphates (and glucose) fit 
into the pattern of the shunt pathway. In fact, in 
the 0-3 min. interval, carbon-14 appears in the sugar 
phosphates in the order (1) glucose-6-phosphate, 
(2) 6-phosphogluconate and (3) ribose-5-phosphate, 
sedoheptulose-7-phosphate and fructose-1,6-diphos- 
phate. After incubation for 3 min., variations in 
6-phosphogluconate, ribose-5-phosphate and _ sedo- 
heptulose-7-phosphate run closely parallel. On the 
other hand, the percentage of carbon-14 in glucose 
remains nearly constant. With [1-™C] glucose as 
substrate, glucose-6-phosphate and 6-phosphoglucon- 
ate again are labelled first, but the percentage of 
carbon-14 in the glucose reservoir decreases very 
rapidly. Similar kinetics are found with growing cells. 

(d) In the presence of radioactive bicarbonate, 
gluconate oxidation promotes fixation of carbon-14 
by resting P. multocida. It appears in glucose-6- 
phosphate, as would be expected from the reversibility 
of 6-phosphogluconate decarboxylation®. 
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(e) Resting P. multocida oxidize pyruvate an 
the intermediates of the citric acid cycle. With 
substrate concentration 10 mM, the Qo, value 
(measured as in a) were 24 (pyruvate), 3-7 (citrate), 6-2, 
(pL-isocitrate), 19 («-oxoglutarate), 26 (succinate), 
13 (fumarate), 5 (L-malate) and 3-5 (control). Afte 
oxidation of [2-'*C] pyruvate, carbon-14 appears ir 
the carbon dioxide evolved, the intermediates of th: 
citric acid cycle and amino-acids. Growing eel 
incorporate more carbon-14 into the amino-acid 
(Table 1). It is to be noted that the labelling ¢ 
cysteic acid shows that the bacterium is able t;, 
fix sulphur into organic substances. 

DISTRIBUTION (PER CENT) OF CARBON-14 IN AMINO-acy 
ER OXIDATION OF [2-"*C] PYRUVATE BY P. multocida 

Growing cells: 65 (initial) and 78 (final) mgm. P. multocida (dr 
weight) suspended in 22-4 ml. culture medium (see text) with 

25°2 umoles [2-**C] pyruvate (17-76 x 10’ counts/min.), 

Resting cells: 142 mgm. bacteria suspended in 10 ml. mM _phosphaty 
buffer, pH 7-2, with 112 wmoles [2 shee | pyruvate (8-8 x 10’ counts 
min.). Temperature, 37°. After 60 min. incubation, the suspension: 
were spun off and the cells suspended in 9 ml. methanol for paper 
chromatography, radioautography and carbon-14 counting (ref, 5 


Cable 1. 
AFT 





Carbon-14 fixed (percentage of total in 
| the methanol—water soluble substances 
Growing cells Resting cells 


Amino-acid 











en ————$—_—__—— Fi 
Aspartic o* 0-3 
Glutamic 2°5 3°3 
Alanine 5-6 O-4 
Serine 2-1 0-3 colo 
Glycine 16 0-6 ther 
Threonine 6-6 0 . 
Histidine 53 0 cow. 
Lysine—Arginine 5-3 0-7 In 
Leucine 2-8 0-2 
Tryptophan-valine 6-0 0 ten¢ 
Cystine 0 0-2 app) 
Cysteic 0 11-6 = 
~ * Not detectable on the radioautogram, prise bact 
> tion 
In proliferating P. pestis, the shunt pathway pr TT 
vides pentose phosphates for nucleotide synthesis) onp 
and this can also be readily accepted in P. multocida, j.5,. 
on the other hand, the pentose phosphate cycle als signi 
has a synthetic role in resting P. multocida as sour ;, flu 
of the pentose and heptose components of the poly) ».41, 
saccharides of the bacteria’. if by 
InpDA M. DE Issaty* . 
~ nutri! 
A. IssALy 
i , thec 
A. O. M. STOPPANI 4 
Institute of Biochemistry, a 
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Spontaneous Development of L Forms if gror 
of Streptococci requiring Secretions of ) 4¢ ul 
Other Bacteria or Sulphydryl Compound: limit 
for Normal Growth extrem 
CERTAIN strains of non-hemolytic streptocowy and el 
isolated in our laboratory from blood cultures that th 
cases of subacute bacterial endocarditis and cystein 
otitis media, were found to require for their the for 
a substance secreted by most bacteria. They colonie: 
substar 
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Incomplete satellite growth zone of Streptococcus 6626. 
(Polarized light x 5) 


Fig. 1. 
colonies of contaminating bacteria, around which 
they grew in satellite colonies. The bacterial secretion 
could be replaced by some sulphydryl compounds. 
In the absence of such substances, these strains 
tend to spontaneous development of Z forms if an 
appropriate osmotic stabilizer is present in the agar 
medium. The sulphydryl compounds as well as the 
bacterial secretion seem to play a part in the forma- 
tion of the cell wall of these streptococci. 

The zone of satellite growth of the strains as shown 
on plates of B.B.L. soy trypticase agar or Difco heart 
infusion agar containing 5 per cent serum differed 
significantly from that known from Haemophilus 
influenzae, being much narrower and ending with a 
rather sharp edge (Fig. 1) which was accentuated 
if by incubating for a further 24 hr. the unused 
nutrients of the surrounding agar medium caused 
the outer colonies to grow in size. 

A great variety of bacteria—Gram-positive and 
Gram-negative, catalase-positive and catalase-nega- 
tive—including bacteroides, as well as actinomycetes 
and yeasts promoted growth. 

The first substance found to be capable of sub- 
stituting for the bacterial secretions was cysteine 
in concentrations of 0-5-1 mgm./ml. Its growth- 
promoting influence could not be explained by change 
of redox potential only, as anaerobic conditions did 
not alter the growth requirements of the strains. 

Sodium thioglycollate, reduced glutathione and 
thiomalic acid were effective. Cystine, cysteic acid, 
methionine, sodium thiosulphate (up to 1 mgm./ml.) 
and elementary sulphur were not effective. It was 
therefore concluded that growth promotion by those 
substances depends on the sulphydryl groups. 

The morphology of the streptococci was normal 
if goowth was optimal. With lower concentrations 
of sulphydryl group substances, or at the outer 
limit of the satellite growth zone, the cocci showed 
extreme pleomorphism with swellings, global forms 
and elongations of different degrees. This suggested 
that the substance secreted by other bacteria, or the 
cysteine and like substances, had some function in 
the formation of cell walls, and that growth in ZL 
colonies might be produced without growth-promoting 
substances if support were given by adding to the 
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medium substances known to have an osmotically 
stabilizing effect on bacterial cells the wall of which 
developed incompletely or not at all. 

On plates of heart infusion agar + 5 per cent pooled 
human serum -+ 2 and 5 per cent sucrose respectively, 
two of the streptococcal strains grew in typical L 
colonies. The addition of sucrose to the medium 
had a remarkable influence also on the satellite 
growth of the streptococcus. Satellite colonies 
farther off were gradually diminished in size down 
to small transitional colonies, containing normal 
streptococcal forms together with swollen forms 
and net-like structures. Still farther off, beyond 
the influence of the bacterial secretion, there was 
pure growth of typical L colonies (Figs. 2 and 3). 
Many of these Z forms remained stable even in the 
presence of other bacterial colonies or of cysteine. 
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Figs. 2 and 3. Development of normal satellite colonies (near 
growth of EZ. coli (Fig. 2) and of ZL colonies (beyond influence 
of bacterial secretion) (Fig. 3) from the same plating of Streptococcus 
3554 on heart infusion agar containing 5 per cent human serum 


and 2 per cent sucrose. (x 35) 
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‘Normalized’ satellite growth zone of Streptococcus 6626 
anaerobic conditions. (Polarized light. x 5) 


Fig. 4. 
obtained under 


Another of the streptococcal strains described 
here did not produce typical ZL colonies if sucrose 
was used as stabilizer, but in the presence of 1-5 
per cent sodium chloride it grew colonies consisting 
of ‘large bodies’, swollen forms not stained by the 
Gram technique, and net-like structures. 

A fourth strain also did not grow in typical ZL 
colonies, but on either of media colonies 
developed which may be described as transitional 
stages containing a mixture of globular forms, 
swollen and elongated cocci stainable by the Gram 
technique, and of net-like structures. Possibly we 
have not yet found the appropriate osmotic stabilizer 
for the support of the Z forms of these two strains. 

Only living bacteria had an effect in promoting 
The secreted substance passed through 
‘Cellophane’. It lost its growth-promoting property 
rapidly by oxidation. Obviously it was this lability 
which accounted for the abnormal appearance of the 
satellite growth zone, the growth-promoting sub- 
stance losing its activity while diffusing into the more 
distant parts of the agar. Under anaerobic conditions, 
satellite colonies developed not only in a zone much 
broader than that obtained aerobically but also 
gradually diminished in size in the outer parts of 
the zone (Fig. 4). 

Cysteine (1 mgm./ml.) or other sulphydryl com- 
pounds are known to be essential for growth from 
small inocula of hemolytic streptococci!. Although 
our strains require cysteine even for growth from 
large inocula, basically the requirement might be 
the same. Nickerson and van Rij? found that sul- 
phydryl compounds promoted cell division. 

The effect of penicillin in inducing growth of ZL 
forms and the resistance of LZ forms to penicillin is 
well known. According to Dufrenoy and Pratt’, 
penicillin inhibits the reduction of —S—S bonds of the 
bacterial cell constituents, whereas cysteine is known 
as a neutralizer of penicillin‘. Nickerson’ showed 
that a mutant of Candida albicans lacking an enzyme 
capable of reducing —S—S bonds of the cell wall grew 
in filaments instead of growing in the yeast form. 

In our strains it may be assumed that we are 
dealing with an inability to reduce —S—S bonds 
required for the formation of the cell wall as a genetic 


these 


growth. 
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metabolic defect, which is not necessarily lethal if 


appropriate stabilizers are present enabling them to 
There is an obvious 
analogy to the LZ form which Lederberg and St. 
Clair* succeeded in obtaining in sucrose agar from a 


continue life as ZL forms. 


mutant of EZ. coli deficient in diaminopimelic acid. 


The possibility of using the specific growth require. 
ment of these streptococci for development of a 


bioassay for sulphydryl groups is being studied. 


AYALA FRENKEL 
Witty Hrrsce 
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Central Laboratory of the Kupat Holim, 
Haifa. 
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Specificity of the Mutagenic Action of 
the Alkylating Agents 


ETHYL methanesulphonate is mutagenic when 
applied to mature bacteriophage particles in suspen- 
sion'. Methyl methanesulphonate is either non- 
mutagenic or results in the induction of mutants ata 
frequency not much greater than the spontaneous 
frequency’. 
has reported that ethyl methanesulphon te will not 
induce reversion of bacteriophage mutations induced 
by itself. Mutants induced by ethyl methane- 
sulphonate can be induced to revert with 2-amino- 
purine*. Methyl methanesulphonate is much more 
lethal on a molar basis than is the ethyl derivative’. 

Freese accounts for the specificity of the ethyl 
derivative by supposing that both ethyl and methyl 
methanesulphonates combine with guanine residues 
within the deoxyribonucleic acid (DNA), but that 
only the ethylated guanine breaks down to form an 
apurinic acid at an appreciable rate. The apurinic 
acid is assumed to lead to errors in pairing, resulting 
in mutation during vegetative growth of phage. 

Treatment of bacteriophage 7'2 with ethy! methane- 
sulphonate labilizes the phage, so that the number of 
plaque-forming units diminishes when the treated 
phage is stored in the absence of the alkylating agent’. 
It is implied by the Freese hypothesis (but is not 
essential to it) that this post-treatment decay m 
plaque-forming units represents the progressive 
depurination of the alkylated DNA. 

I have found, in confirmation of earlier results’. 
that treatment of bacteriophage 72 with methyl 
methanesulphonate results in a post-treatment decay 


effect comparable to that induced by ethyl methane- | 


sulphonate. The degree of decay after treatment 
depends on the initial concentration of the alkylating 
agent used for treatment (Fig. 1). The methyl 
methanesulphonate effect occurs at a lower molarity 
but at a higher immediate inactivation than does 
the ethyl methanesulphonate effect. Treatment o 
bacteriophage with alkylating agents causes both aa 
immediate and a delayed decrease in plaque-forming 


Med., 96, 


Krieg (quoted by Bautz a. d Freese’) | 
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Fig. 1. Post-treatment decay of bacteriophage 72 following 


treatment with alkylating agents. 
Approximately 10'* phage per ml. were incubated in M-9 buffer 
with the indicated alkylating agent for 40 min. at 37°C. The 
survivals immediately following treatment were: non-treated, 
10; 02M ethyl methanesulphonate, 0-97; 0-005M methyl 
methanesulphonate, 0-57; 0-01.M methyl methanesulphonate, 
0-16. Following treatment, the suspension was diluted by a factor 
of 10° with M-9 buffer and samples were stored 21 hr. at the tem- 
peratures indicated. All values are corrected for the decay of 
non-treated material kept at the same temperature. Plaque- 
forming centres were determined by the agar layer method. The 
results are not plotted as an Arrhenius curve in order to indicate 
lack of a theoretical interpretation for the concentration effect 


experiment the frequency of r plus mottled mutants 
in the material treated with ethyl methanesulphonate 
was about 7 x 10-? immediately after treatment, 
8 x 10-* after 21 hr. at 30° C. and 6 x 10-3 after 
21 hr. at 47° C. This frequency was five times the 
spontaneous. The number of mutants scored was 
so small that the frequency of mutants in the material 
ftreated with methyl methanesulphonate was not 
significantly different from the spontaneous frequency. 
‘In all parts of the experiment, 20 mutants per 19,000 
total plaques were scored in the non-treated set, 89 
per 17,000 plaques in the set treated with ethyl 
methanesulphonate, and 9 per 12,400 and 19 per 
15,000 plaques in the sets treated with 0-005 M and 
0-01 M methyl methanesulphonate, giving frequen- 
cies of 1-0, 5-2, 0-7 and 1-3 x 10-% respectively. 


OF METHYL METHANESULPHONATE IN 
REVERSIONS OF E, coli WP-2 
Fraction surviving 
determined on: 


Table 1, EFFECT INDUCING 


Total 


: Treatment Minimal + Minimal + revertants Revertants/ 
tryptophan 2-5 percent perml.* 10° survivors 
broth 

| None 1-0 1-0 60 13 
) Ethyl methane- 

sulphonate 

(0-1 M) 0-87 0-87 3,120 730 
Methyl methane- 

sulphonate 

0-025 M 0-43 0:5 710 308 

| 005M 0-0005 0-0096 150 3,400 


| * Revertants were scored after 2 days incubation at 37° C. on plates 
of minimal medium agar supplemented with 2-5 per cent Difco 
hutrient broth (8 gm./l.). Treatment was for 30 min. in 0-1 M, pH 7:2, 
phosphate buffer. The cells were collected and washed from ex- 
ponentially growing cultures in minimal medium plus tryptophan 
before treatment and then collected, washed and re-suspended in 
Wuffer following treatment. 

— were 4-6 x 10* viable organisms per ml. in the non-treated 
ple. 
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Methyl methanesulphonate is highly mutagenic 
for the tryptophan-requiring WP-2 derivative of 
E. coli strain B/r (Table 1). An increased frequency 
of both large colonies (presumed revertants) and 
small colonies (presumed suppressors) results from 
treatment with this alkylating agent. The frequency 
is comparable with that induced by ethyl methane- 
sulphonate. Methyl methanesulphonate causes an 
effect similar to that of ultra-violet irradiation of 
B/r, since treated bacteria give higher viability 
counts on medium supplemented with broth than on 
a synthetic medium’. There seems to be no post- 
treatment decay effect in bacteria comparable to that 
observed with bacteriophage*. It is known that in 
Neurospora dimethyl] sulphate is even more effective 
as a mutagen at certain loci than is either diethyl 
sulphate or ethyl methanesulphonate’. 

I conclude, therefore, that the post-treatment decay 
reaction following treatment of bacteriophage with 
alkylating agents is not directly related to the muta- 
genic reaction, and that either the mechanism of the 
mutagenic action of alkylating agents differs in 
mature bacteriophage from that in bacteria, or 
that the specificity of the ethy!] derivatives for bacteri- 
ophage mutagenesis is not completely explained. 

This investigation was supported in part by a 
research grant from the National Institutes of 
Health, U.S. Public Health Service. 

BERNARD §S. 

Department of Microbiology, 

University of Chicago. 
' Loveless, A., Proc. Roy. Soc., B, 150, 497 (1959). 
2 tae” and Freese, E., Proc. U.S. Nat. Acad. Sci., 46, 1585 
* Alper, T., and Gillies, N., J. Gen. Microbiol., 22, 113 (1960). 
* Loveless, A., and Stock, J. C., Proc. Roy. Soc., B, 151, 129 (1959). 

Strauss, B., J. Bacteriol., 81, 573 (1961). 
> Westergaard, M., Experientia, 18, 224 (1957). 
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SOIL SCIENCE 


Resistance of Humus to Decomposition 

AN organic soil (previously under wattle followed 
by grass) containing 8-51 per cent organic carbon 
(Walkley and Black', corrected) has been submitted 
204 times to the following cycle: (a) moistened to field 
capacity ; (6) allowed to decompose for 5 days at 
25° C. in the macro-respirometer* ; (c) oven-dried at 
100° C. for 48 hr. After 105 such treatments it was 
calculated* that no further decomposition would 
occur, on moistening, after about the 250th treatment 
and that 73 per cent of the organic carbon originally 
present would have been mineralized. After 204 
such treatments, however, the soil had become com- 
pletely structureless and on moistening formed 
cohesive lumps, a condition adverse to aerobic 
decomposition. The experiment was therefore con- 
cluded and the soil analysed. A comparison of the 
results for the soil before and after the 204 treatments 
is given in Table 1. 

The agreement between the calculated value for 
carbon mineralization after 250 treatments (73 per 
cent) and that found after 204 treatments (63-5 per 
cent) is satisfactory, particularly since the calculated 
value (based on the first 105 treatments) did not allow 
for the subsequent loss of structure during the later 
treatments, leading to decreased microbial activity 
and mineralization of organic carbon. 

The main feature of interest is the high proportion 
of organic carbon and nitrogen that remained un- 
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Table 1 ment with objects containing moving parts, like the I hi 
second-hand of a watch and an oscillating compass the 
Before After | Mineralized needle, and was amazed to find that the peripheral _forn 
: nn i ponent fade-out was, if anything, more marked. obje 
Organic carbon (per cent) | 8°51 S11 63-5 The explanation of the phenomenon is, I believe, ’blin 
i ne He sate the following. When one inhibits the natural tendency I fir 
pH (using 0-01 M calcium - to focus an object to which one is attending, one the | 
chloride) 6-0 79 : a . : ' it] : 
p.p.m. inorganic phosphorus inevitably tends to reconstruct its details from it ar 
(cold N sulphuric acid) 133 570 memory. Though perception and memory are not in ¢& 
Pe rend shame nef 2) 437 Nil 100-0 inherently incompatible, the simplest kinds of image | sam¢ 
are, in fact, antagonistic to their sensational counter. diffic 
parts. Hence the effort to reconstruct the object | but ' 
mineralized in spite of the enhanced microbial from memory inhibits the exact perception of it,’of tl 
activity following the frequent moistenings of the The most important inference to be drawn from the mom 
soil after oven-drying. This is in marked contrast experiment is not that attention inhibits the per. fixati 
to organic phosphorus, which was completely mineral- ception of peripheral objects, but that the instinet | maki 
ized. Thompson and Black’, however, have shown of curiosity in its simpler forms operates by means in th 
that soil organic phosphorus is susceptible to hydroly- of a commutative mechanism, whereby it auto. after 
sis with hot water. A duplicate soil sample was there- matically switches over to memory, when it is) Hy 


fore kept at field capacity at 100° C. for 16 days (a 
period equivalent to that in which the experimental 
soil was in a hot moist state during its 204 treatments) 
when it was found that 53 per cent of the organic 
phosphorus and 7 per cent of the organic nitrogen 
were hydrolysed, with no increase on longer heating. 
With the experimental therefore, the non- 
hydrolysable organic phosphorus compounds must 
have been microbially decomposed together with at 
least part of the hydrolysable compounds which are 
likely to be even more susceptible to microbial 
attack. It appears that potentially the whole of the 
soil organic phosphorus is fairly readily decomposable 
microbially. Since organic phosphorus complexes of 
soil are more readily extracted than other fractions 
of soil organic matter* they may also be more access- 


soil, 


ible to micro-organisms. 

The increase in pH probably results from the release 
of bases during decomposition and the absorption of 
earbon dioxide by the sodium hydroxide in the 
respirometer vessel, which would prevent the forma- 
tion of carbonic acid. The increase in ammonia 
amounted to only 1 m.equiv./100 gm. soil instead of 
the 23 m.equiv. demanded by theory. Presumably 
much of the ammonia was driven off under the hot, 
moist slightly alkaline conditions occurring early in 
the successive drying periods. 

H. F. Brrew 
M. T. FRIEND 
East African Agriculture and 
Forestry Research Organisation, 
P. O. Box 21, 
Kikuyu, Kenya. 
* Walkley, A., and Black, I. A., Soil Sei., 37, 29 (1934). 
* Birch, H. F., and Friend, M. T., Nature, 178, 500 (1956). 
* Birch, H. F., Plant and Soil, 12, 81 (1960). 
* Walker, T. W., and Adams, A. F. R., Soil Sci., 85, 307 (1958). 
* Thompson, L. M., and Black, C. A., Soil Proc., 
12, 323 (1947). 
* Bremner, J. M., J. 


Sci. Soc. Amer. 


Soil Sei., 2, 67 (1951). 


PSYCHOLOGY 


Effect of Attention in Peripheral Vision 


Tue facts adduced by B. Babington Smith! appear 
to be new. At first it seemed that they might be 
explained in terms of what Stout calls ‘‘the conditions 
of attention’’*—conditions that include change as 
well as extensity, intensity, duration, contrast and 
interest. If Stout is right, the factor missing in the 
object was change. I therefore repeated the experi- 


frustrated in perception. Experiments might be (with 


devised to show under what conditions the mind ‘of sev 
automatically switches back to perception, and, once /of Sh 
the main facts had been elucidated, considerable munic 
improvements in methods of teaching and learning was « 
might be effected. I had 
" to see 
f J OMSON 

ARTHUR THOMSON Pro 
c/o Dr. C. B. Robinson, anism 
Purdysburn Hospital, jadapte 
Belfast 18. dence 
? Nature, 189, 776 (1961). with a 
* Stout, G. F., Manual of Psychology, fourth ed., 167. Institu 

— | 

IN my communication of March 4, I spoke of 

placing objects on a table. As Mr. Thomson ha 
deduced, the situation I described was static, and /’ Aubert, 
thus change, which is, broadly speaking, one of the be -* 


essential conditions for perception, was lacking. Mr. :geimno 


Thomson's observations with the second-hand of a _ (186¢ 
watch and a compass needle are very interesting but be 


puzzle me, for I have failed to find what he describes.|s suport. 
Others as well as myself have found that objects in __ 33, 2: 
motion do not disappear; though one correspondent,’ Hysop, 
has spoken of ‘flicker’, seen peripherally, disappearing "8; 
when attended to. i 

The second part of Mr. Thomson’s letter als 
puzzles me; while [ can conceive that “the effor: Cent! 
to reconstruct an object from memory inhibits the Gn 13 
exact perception of it”, it seems to me that switching So litt 
over “by means of a commutative mechanism”, aot the 
he suggests, ought to produce a memory image apomible 
place of the percept which disappears. This is not oer 
however, what seems to happen. — _ 

Finally, Mr. Thomson writes that the facts 1,cemonst 
adduced appear to be new. Having failed to locat/""2 1s 
similar observations in Aubert!, Baird? or Helmholtt’ ( The Pp 
I had hoped this was so. Since publication, howev parget, it 
further search suggests that observations by Troxle ae Mi, 
who was studying reports of a blind spot, ani re ant 
(according to Helmholtz’s reference to their work) Wm glass i 
Aubert and Férster®, who were studying the sensitiviff — On 
of the retina, refer to differential disappearance @ 7" ilta 
objects in the peripheral field in a way conformabl ted lin 
to what I have described. merry 

Even nearer to the mark is a note by J. 2 —" 
Hyslop’, to which Prof. R. C. Oldfield has directed ‘ V 
my attention, in which the following occurs: “Whe - a 
mentally preoccupied and having the eyes fixat oo of 
on @ given point or object I often notice the ds “owe 
appearance of a part of the indirect field of visi isting 
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e the Ihave tried to see whether it might not be due to 
npass the falling of the object on the blind spot, but uni- 
heral formly discover that it is not, as the disappearing 


object may be on the side of the retina opposite the 
lieve, blind spot. On careful experiment and observation 
ieney I find that the disappearance is directly related to 
@ the degree of abstraction, and that I can reproduce 
it artificially, if I am successful, as I sometimes am, 
in effecting the abstraction necessary and at the 
image | same time the proper adjustment of attention. It is 
inter. difficult to produce the artificial abstraction required, 
»bject | but when I am successful I effect the disappearance 
of it,’of the object, which immediately reappears the 
m the moment attention is given to it without altering the 
» per- fixation of the eyes. The effect seems to be that of 
stinct making clear an actual impression, while attention 
means in the previous experiment seems to destroy an 
auto- after image.” 
it is' Hyslop’s use of the term ‘abstraction’ in contrast 
At be \with ‘attention’ is interesting, and supports the view 
mind ‘of several correspondents, particularly Dr. N. Moray 
1, once lof Sheffield, that the word ‘attention’ in my com- 
lerable munication in Nature is a source of difficulty. It 
arning was of course with this possibility in mind that 
~ Thad written “‘attend to one of the objects and try 
to see or describe it in detail’’. 

Prof. O. L. Zangwill has suggested that the mech- 
anism of disappearance is related to Hering’s local 
adaptation, but while this may be so, I find no evi- 
dence of Hering having associated local adaptation 
with attention. 


one 
from 
e not 


B. BABINGTON SMITH 
Institute of Experimental Psychology, 
University of Oxford, 
| 1 South Parks Road, 
yoke of 
Oxford. 
on has 
ic and! Aubert, H., Moleschotts Untersuchungen zur Naturl., B2V, 279 (1858). 
s of the *Baird, J. W., The Color Sensitivity of the Peripheral Retina (Wash., 
0 Carnegie Inst., 1905). 
ng. Mr. ‘Helmholtz, H. von, Physiological Optics, 1924 ed., 2, 42 and elsewhere 


nd ee T oy Himl 1 Set i halmol he Bibliothek, 2 
: s'*Troxler, D., Himly and Schmidt, Opthalmologische Bibliothek, 2, 2 
sing but) (1804). 


scribes. ‘Aubert, H., and Forster, O., Allg. med. Zentralzeitung, Berlin, No. 


jects in $3, 259 (as summarized in a sentence by Helmholtz) (1957). 
pondent * Hyslop, J. H., Psychol. Rev., 10, 296 (1903). 
W Hering, E., Grundzuge der Lehrer von Lichtsinn, 265 (1920), and 


ypearing! “Archiv fiir Ophthalm. (Graefe), 37, Abt. III, 31 (1891). 
’ 
ter als 
18 = Centrally Produced Geometrical illusions 
bits the 


witehing So little is known about the mechanism responsible 
” 


ism”, efor the well-known geometrical illusions that it is not 
mage in possible to decide on general theoretical grounds 
 +—_ .\whether they are the result of retinal processes, central 
ai: processes or both. An experimental procedure to 
facts 1 demonstrate that they are at least partly of central 
to locat origin is therefore of interest. : 
Imholte! The procedure consists of constructing a visual 
however) 78et, in which the illusion figure is seen in stereo- 
Troxler' opie vision but not in monocular vision. The 
pot, anieimplest way of achieving this is as follows. A sheet 
work) rot glass is covered with an array of randomly placed 
onsitivit™ On a second glass sheet the well-known Miiller— 
arant® gbLyer illusion, for example, is constructed out of 
formableuotted lines, the separation of the dots being about 
thesame as those on the first sheet. The two are then 
= mounted parallel to one another, separated by a few 
- directed nches. When viewed monocularly under conditions 
eat Whe “hich prevent head movements, shadows and other 
vg fixates®Urees of monocular distance clues, the two planes 
{ate seen as merged and the Miiller-Lyer figure cannot 


the Or sti “e bi Saw wiel | ‘ le ‘ 
of visio” istinguished. In binocular vision the two planes 
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are easily separated and all subjects report the 
illusion. 

The rigour of the experiment can be improved in 
two ways: (1) if the three vertices A, B, C, of the 
figure are marked by dots of a different colour, 
judgment of distance AB compared with distance 
BC can be made, and in fact turns out to be signifi- 
eantly different, under monocular and binocular 
conditions; (2) instead of using two real planes, the 
situation can be simulated by constructing stereo- 
scope diagrams using an electronic computer!. This 
enables a rigorous control of factors such as dot 
density, and ensures that the signal received by each 
eye is a thoroughly pseudo-random array of dots; the 
information used by the stereoscopic mechanism is 
entirely contained in the relation between the two 
arrays. 

A quantitative comparison of illusions produced in 
this way with their more familiar form involves 
intricate statistics and will be reported elsewhere. 
Figural after-effects can be produced under similar 
conditions, but are always weak, though I believe 
that this is due to incidental aspects of the procedure. 

The work described here is part of the research 
programme of the National Physical Laboratory and 
this communication is published by permission of the 
Director of the Laboratory. 

S. PAPERT 
Autonomics Division, 
National Physical Laboratory, 
Teddington, Middlesex. 


1 Julesz, B., Proc. Fourth London Symp. on Information Theory, edit. 
C. Cherry, 1961. 


MISCELLANY 


The National Reference Library of Science 
and Invention 

THE leading article in Nature of July 1 presents 
a timely challenge to all organizations concerned with 
the use of scientific and technical knowledge to think 
deeply about the plans for the National Reference 
Library of Science and Invention. This is certainly 
a project needing imaginative and sympathetic 
consideration, not only by librarians but also 
even more, perhaps, by the scientific societies 
and institutions and by technical interests in 
industry. It is earnestly to be hoped that, as 
representatives of potential users of the new library, 
they will study the plans and give their considered 
views soon, lest the preparatory work becomes too 
far advanced for them to be taken into account. 

The success of the undertaking will, however, 
depend primarily on the degree to which the Govern- 
ment itself demonstrates its determination to treat 
the communication of research results, and technical 
knowledge generally, with the same seriousness and 
sense of urgency as are devoted to the acquisition of 
them. In this, the new Library could prove a most 
potent instrument. But on its two fundamental 
needs—adequate space to house the necessary docu- 
ments and adequate staff to exploit them—Mr. 
Freeth’s reply to the adjournment debate in the 
House of Commons on March 14 was anything but 
reassuring. The decision to split the holdings of the 
new Library between the British Museum site in 
Bloomsbury and the new building on the South 
Bank, while regrettable, is understandable. But it 
ean only be regarded as a workable compromise on 
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two conditions: First, the South Bank building must 
be large enough to ensure that the bulk of the docu- 
ments in frequent demand can be housed there, not 
only in 1965, but also for at least the following twenty 
years when, with the projected development of the 
Bloomsbury site, the situation might well be re- 
viewed; and, secondly, arrangements must be made 
rapidly to transport or transmit documents held in 
the British Museum, so that the reader on the South 
Bank can have what he wants within minutes rather 
than hours. Much of the work of a reader in a refer- 
ence library involves consulting many documents in 
conjunction with each other, and following up refer- 
ences found in them: delay in obtaining documents 
may make it impossible to complete a search and 
necessitate further visits. The obvious way to mini- 
mize this danger is to accommodate the greatest 
possible stock on the South Bank, and it is earnestly 
to be hoped that some way of increasing the space 
available will be found. 

The Government seems to recognize that the new 
Library will ultimately need a staff which is well 
equipped professionally, particularly with scientists, 
and more numerous; but it is not enough to promise 
more staff when the Library becomes operational. 
In a lending library, records can give a reliable in- 
dication of users’ habits; but virtually nothing is 
known as established fact about the use of reference 
material on open shelves. Surely now is the time to 
appoint a nucleus of the future staff, free of operational 
duties, to determine users’ needs and to establish data 
on which detailed plans can be based. 

Mr. E. M. Nicholson is doubtless wise to urge that 
now that a start has been made one should not jog 
the arm which lifts the cup. No one in his senses 
would wish to do so; the project must be given 
every chance to succeed. This means not only that 
critics should criticize constructively, but also that 
the Government should provide powerful support for 
the practical implications of its own proposals. Unless 
it does, the National Reference Library of Science 
and Invention may be little more than a less dingy 
Patent Office Library inconveniently and perhaps 
ineffectively linked with the British Museum. 

LESLIE WILSON 
(Director) 
Aslib, 
3 Belgrave Square, 
London, 8.W.1. 


Tue leading article in Nature of July 1, on the 
National Reference Library and other issues, calls 
for comment in regard to the problems of scientific 
information. Miss Webb is certainly to be supported 
in her aim of recruiting graduate staff who will assist 
readers in exploiting the resources of the new Library. 
The National Lending Library, which will not be in 
such direct contact with its users, is in a much more 
difficult position to assist in information retrieval 
(so long as it remains primarily a library). It is not 
to be expected, however, that such national libraries 
should undertake large tasks of information retrieval 
for readers, and hence they are not the correct 
authorities to handle research on the problems of the 
collation and dissemination of scientific information. 
Furthermore, although the needs of users must, of 
course, be studied and so far as possible met, the 
organization of such libraries is best left in the hands 
of scientifically trained librarians, and should not be 
considered a matter for dictation by any body of 
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users who are only too often unable to specify their 
questions clearly and are mostly unacquainted with 
the intricacies of such problems as classification and’ , = 
information techniques. 'n some respects, however, | r 
this position may be changing, since an increasing snd 


proportion of the users of the Patent Office I Library of - 
comprises information officers. nfra 

The problems of information retrieval arise mainly, > 
however, in special libraries and, more particularly, Aug 


in information departments in industry, researeh Mane 
associations, and the like. Many smaller (and perhaps) Cane 
even some larger) researches into information tech. j Reed 
niques are being carried out, with little publicity, in “St 
information departments of the larger industries, and) !i>™! 
steady progress has been made by the Classification “— 
Research Group; most of such groups are in regular) —Tlv 
contact with Aslib. The collation of such work ang! , 4° 
the promotion of new researches would, therefore, =~ 
be far better undertaken by Aslib, with its new '™v 
research department, than put under the vague agis\,.. peri 


> : . xperi 
of the national libraries. The research being under.’ olles 


taken by Mr. Cleverdon on retrieval by different) 1°! 
methods of classification, at the College of Aero. —— 
nautics, Cranfield, under the auspices of Aslib (on 4" wd 
grant from the National Science Foundation, and not, ¢xperit 
be it noted, from the British Government) is an! uso 


excellent example of pioneering research in this field : LECT 
The Advisory Council on Scientific Policy does not THE Dk 


appear to be adequately acquainted with the natur! ar: — 
of the problems to be solved. natural 
Directo 


Mr. Nicholson is quoted on the need for “senior, 5°); 
people trained professionally both as scientists and) spyx 
librarians” 


and reference is made to the “perennialpferat 
° With al 
discussions on training intelligence and information}rions a1 


officers”. I would point out that the Institute of LECTUR 
Information Scientists, formed in 1958, is now con-, hol, 


cerned with education in information work and ajchemistr 
two-year postgraduate evening course, based on the — ‘i 


Institute's full syllabus, was started last January apne Brit: 





the Northampton College of Advanced Technology. — 
London. Examinations based on this syllabus, and] ialified 
leading to the granting of its certificate, will be™ ew 

ADU 


held by the Institute. The provision of this coursieat ~ 


was arranged in consultation with Aslib. If a, _ 
yutha 

students are forthcoming, it is hoped to start a repeat! rs 

course as early as next September. It may also bepacteriok 
he inves 


aterials 


now research director to Chemical Abstracts, served 
as president of the Institute for three years, and thi’), 

: ECTUR 
office has now been undertaken by Sir Lindor Brown sydney 
who is also president of Aslib. T he training of informs. portable 
tion scientists (the science graduate plus informatio'’.w.1 ve 
officer really needed by Mr. Nicholson) is thus being, Caeme: 
actively and constructively promoted. elk 

Finally, it needs to be st treased that informatics 


of interest to mention that Dr. G. Malcolm one 











pe wee ba trial pose error, either in our: organiza 
tion or with complex computers, but require stead) 
theoretical and practical scientific investigation. Fe 


this, the subject must ultimately become a recogniz®fouse Goy 
branch of postgraduate studies at universities at! rahe 
EADER ( 


technical colleges. Much greater Government sup 
port and encouragement are necessary, howevet 
before this final stage of respectability is achieved. 
J. FARRADANE 
(Honorary Secretary) 

Institute of Information Scientists, 

‘Torran”’, 
Crofton Road, 
Orpington, Kent. 
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91 N>. 4789 
y their APPOINTMENTS VACANT 
rr : . , , 
i with APPLICATIONS are invited for the following appointments on or 
OM ANd jefore the dates mentioned: 
yWever,) SPECTROSCOPIST (preferably with a degree in physics or chemistry, 


ind experience in spectroscopy) IN THE DEPARTMENT OF CHEMISTRY, 
to have general responsibility for the maintenance and use of a range 
ff spectroscopic equipment in the Department, including N.M.R., 
nfra-red, Raman and U.V., and to collaborate with members of the 
‘ teaching staff on research problems, and supervise routine measure- 
mainly.) ments required—The Registrar, The University, Manchester, 13 
. | (August 21). 
cularly, GoRDON JACOBS FELLOW (with research qualifications) at the Royal 
esearch Marsden Hospital for work in collaboration with the Institute of 
> -| Cancer Research on the effects of ionizing radiations on nerves and 
x Thaps gael system— The Secretary, Royal Marsden Hospital, Fulham 
n tech-} Road, London, S.W.3 (August 25). 


reasing 
Library 


icity, in SvB-LIBRARIAN (graduate, with professional qualifications in 
- * _ »| librarianship) in the University Library—The Registrar and Secretary, 
1e8, and The University, Bristol (August 25). 
fication ASSISTANT IN ZOOLOGY IN THE DEPARTMENT OF NATURAL HISTORY 
regular} —The Secretary, The University, Aberdeen (August 31). 

k , AssISTANT LECTURER or RESEARCH ASSISTANT IN ENDOCRINE 
OPK Aid) procuEMisTRY, to assist in the analysis of steroids and other hormones 


\erefore,| as part of the research programme of the unit—The Registrar, The 
te nee University, Liverpool, quoting Ref. CV/N (August 31). 

8 ner \sSISTANT LIBRARIAN (with a good honours degree and preferably 
fue Pgis‘oxperience and professional diplomas)—The Librarian, University 


+ under. College of Sussex, Stanmer House, Stanmer, Brighton (August 31). 
liffe ,) HORTICULTURAL ADVISORY OFFICERS (with a degree in horticulture, 
HTePeNt! »criculture or science, and preferably practical experience in the 
f Aero-| production of horticultural crops and in ficld advisory and experimental 
‘b work) IN THE AGRICULTURAL DEPARTMENT, New Zealand, to advise 
(on 4 growers chiefly on fruit and vegetable production, and to conduct field 
and not, experiments, surveys and special investigations—The High Com- 
jissioner for New Zealand, 415 Strand, London, W.C.2, quoting 


;) is an’ 
nis field 

loes not} 
> natur} 


Ref. B13/2/4 (August 31). 

LECTURER (with a university degree or equivalent qualification) IN 
THE DEPARTMENT OF TEXTILE CHEMISTRY —The Registrar, Manchester 
College of Science and Technology, Manchester, 1 (August 31). 

SCIENTIFIC ASSISTANT, ABSTRACTOR (with a degree in agriculture or 
natural science, and able to read, or willing to learn. Russian)—The 
Director, Commonwealth Bureau of Pastures and Field Crops, Hurley, 
Berkshire (August 31). 
sts and) Sexion LECTURER (with a degree 

sapannialppteterably teaching experience) IN ENGINEERING; a SENIOR LECTURER 
, rennialyyith an honours degree in mathematics and postgraduate qualifica- 
FMAtion} ions and experience in university teaching) IN MATHEMATICS: a 
Litute of LECTURER (with an honours degree in mathematics and preferably 

some postgraduate study) IN MATHEMATICS; and a LECTURER (with 
OW COR: jan honours degree with special interest in inorganic and/or physical 
< and apchemistry, and preferably experience in university teaching) IN 

CHEMISTRY at the University College of Townsville, University of 
1 on the Queensland, Australia—The Secretary, Association of Universities of 
quary atithe British Commonwealth, Marlborough House, Pall Mall, London, 
~ — &.W.1 (August 31). 
hnology.f ‘Lecturer or ASSISTANT LECTURER (medically or non-medically 
bus, and}qualified candidate) IN THE DEPARTMENT OF HISTOLOGY—The Regis- 

will peta The University, Liverpool, quoting Ref. CV/N (September 4). 

. GRADUATE RESEARCH ASSISTANT IN THE DEPARTMENT OF MECHANI- 
1S COUTS##AL ENGINEERING to work on problems of vibration and lubrication 
sufficienif’ machine tools—The Secretary and Registrar, The University, 
outhampton (September 9). 

 & Tepes) Cuemists and BACTERIOLOGISTS (with a degree in chemistry and 
7 also b bacteriology ) IN THE AGRICULTURE DEPARTMENT, New Zealand, for 

Dv he investigation, analysis and research into dairy products, raw 
n a oo and allied by-products—The High Commissioner for New 


*" senior) 
with honours in engineering, and 





g, servedeealand, 415 Strand, London, W.C.2, quoting Ref. B13/2/A (Sep- 
nd thi ember 15). 

a F LECTURER SENIOR LECTURER IN HORTICULTURE at the University 
r Brownef Sydney, Australia, to undertake teaching and research in fruit and 
.: regetable production—The Secretary, Association of Universities of 

rmag,y:,: - ta Re . 
‘info Bhe British Commonwealth, Marlborough House, Pall Mall, London, 

ormatios.W.1 (Australia and London, September 15). 
hus bein CHEMICAL ENGINEER, PHYSICAL CHEMIST or PHYSICIST (honours 

@raduate with at least two years’ research experience) in the Unit 
Operations Group, Chemical Engineering Section, C.S.I.R.O., Mel- 
formation bourne, to be engaged on either of the following projects: (a) a study 
strieval bi the dynamic characteristics and controllability of closed circuit 
retrl finding, and other solid-handling processes, using modern techniques, 
t matteniucluding frequency response; or (b) investigations within the general 
organizi eld of water desalination—Chief Scientific Liaison Officer, Australian 
of ‘Beientitic Liaison Office, Africa House, Kingsway, London, W.C.2, 
re steadimuoting Appointment No. 608/14 (September 16). 
ion. Fe PRINCIPAL PHYSICIST (with a first- or second-class honours degree 
‘ physics) in charge of the Department of Medical Physics—The 
ecognize ouse Governor, King’s College Hospital, Denmark Hill, London, 
sities any E.5 (September 16). 
nent sup 





READER (preferably with a science degree or a degree in architecture, 
nd relevant research experience) IN BUILDING SCIENCE in the New- 














however ~ Division of the University of Durham—The Deputy Registrar, 
aah versity Office, la Kensington Terrace, Newcastle-upon-Tyne, 2 
shieved. September 21). as ; 


RADANE § SENIOR LECTURER (with a medical qualification and good experience 
cretary) h clinical biochemistry) IN CHEMICAL PATHOLOGY at the University 
: t Otago, Dunedin, New Zealand—The Secretary, Association of 


hiversities of the British Commonwealth, Marlborough House, Pall 
fall, London, $.W.1, or The Registrar, University of Otago (London 
ud New Zealand, September 30). 

_ READER IN HUMAN GENETICS IN THE DEPARTMENT OF ZOOLOGY, 
uversity of Melbourne, Australia—The Secretary, Association of 
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Universities of the British Commonwealth, Marlborough House, Pall 
Mall, London, 8.W.1 (October 15). 

DIRECTOR OF. THE POULTRY RESEARCH CENTRE, Edinburgh—The 
Secretary, Agricultural Research Council, Cunard Building, 15 Regent 
Street, London, S.W.1 (October 31). 

LECTURER (with a degree in science or agricultural science, with 
some experience in research and teaching in plant pathology) IN 
BOTANY at the University of Melbourne, Australia—The Secretary, 
Association of Universities of the British Commonwealth, Marlborough 
House, Pall Mall, London, 8.W.1 (October 31). 

ASSISTANT BIOCHEMIST, Basic grade (preferably holding the A.R.1.¢ 
the Grad.Mem.R.1.C. or B.Se.(Hons.) in chemistry or biochemistry) 
in the Group Laboratory at Crumpsall Hospital—The Hospital 
Administrator, Crumpsall Hospital, Manchester 8. 

ASSISTANT EXPERIMENTAL OFFICER (with a pass degree, preferably 
in zoology and chemistry) for biochemical research on fisheries problems 

The Secretary, National Institute for Research in Dairying (Univer- 
sity of Reading), Shinfield, Reading, Berks, quoting Ref. 61/24. 

ASSISTANT, Grade B (with qualifications and experience to teach 
mathematics for Diploma in Technology courses and for degree courses 
in engineering and general science) IN MATHEMATICS—The Registrar 
(Dept. F), Bradford Institute of Technology, Bradford 7. 

ASSISTANT PHYSICIST (with at least an H.N.C. in physics, or equiv- 
alent qualification) on the staff of the Area Chief Chemist located in 
Birmingham, for duties involving interesting work on instrumentation 
in a modern laboratory, together with development and maintenance 
of instruments associated with gas making plant—The Industrial 
Relations Officer, West Midlands Gas Board, 6 Augustus Road, 
Edgbaston, Birmingham, 15. 

ASSISTANT PROFESSOR (with a Ph.D. or equivalent, and preferably a 
background and experience in marine biology) OF BIOLOGY to give 
instruction primarily in animal physiology—The Head, Department 
of Biology, Memorial University of Newfoundland, St. John’s, New- 
foundland, Canada. 

GRADUATE RESEARCH ASSISTANT (with an interest in organic 
chemistry) IN THE DEPARTMENT OF CHEMISTRY—The Secretary, 
Queen Elizabeth College (University of London), Campden Hill Road, 
London, W.8. 

HISTOLOGIST (with an honours degree in physiology or zoology or 
equivalent qualification, and preferably previous experience in his- 
tological methods) IN THE PHYSIOLOGY DEPARTMENT to be in charge 
of the histological work of the department, and to collaborate in 
research mainly in the field of endocrinology—The Secretary, National 
Institute for Research in Dairying (University of Reading), Shinfield, 
Reading, Berks, quoting Ref. No. 61/25. 

LECTURER (preferably with experience in the field of infra-red 
spectroscopy) IN ORGANIC CHEMISTRY for work up to Dip.Tech. and 
Grad.R.I.C. Part II level—The Registrar, Bristol College of Science 
and Technology, Ashley Down, Bristol, 7, quoting Ref. No. CST/61/32, 

LECTURER (well qualified, and preferably with both teaching and 
research experience) IN INORGANIC CHEMISTRY—The Academic 
Registrar, Loughborough College of Technology, Loughborough, 
quoting Ref. 21/2/AF. 

LECTURER (with appropriate qualifications and experience of carrying 
out practical research work in the field of clinical psychology) IN 
PsYCHOLOGY—The Secretary, Institute of Psychiatry, The Maudsley 
Hospital, Denmark Hill, London, 8.E.5. 

PHYSICIST/PHYSICAL CHEMIST (with a university degree and some 
experience in the conduct of research) to undertake research in con- 
nexion with problems in food manufacture—The Director of Research, 
British Food Manufacturing Industries Research Association, Randalls 
Road, Leatherhead, Surrey, marking envelope “Private and Con- 
fidential’’. 

POSTGRADUATE RESEARCH ASSISTANTS (with a degree in biochemis- 
try, chemistry, physiology, physics or zoology) IN THE DEPARTMENT 
OF PHYSIOLOGY AND BIOCHEMISTRY—The Secretary and Registrar, 
The University, Southampton. 

RADIOBIOLOGIST (with a knowledge of dosimetry, and preferably a 
background in entomology and/or invertebrate zoology) for research 
and development on biological effects of ionizing radiation for applica- 
tion in a long-range biological control programme—The Director, 
Instituto Venezolano de Investigaciones Cientificas, Apartado 1827, 
Caracas, Venezuela. 

RESEARCH ASSISTANT (with an honours degree in botany) to collab- 
orate in compiling a Flora of Turkey—Dr. P. H. Davis, University 
Department of Botany, Royal Botanic Gardens, Edinburgh, 3. 

RESEARCH FELLOW (honours graduate with special qualifications in 
botany, biochemistry or microbiology, and preferably experience of 
radiochemical techniques) IN PLANT PHYSIOLOGY IN THE DEPARTMENT 
OF BIOLOGICAL SCIENCES, to undertake research in algal metabolism— 
The Registrar (Department F), Bradford Institute of Technology, 
Bradford 7. 

RESEARCH STUDENTS; RESEARCH ASSISTANTS (with a good honours 
degree or Graduate Members of the Royal Institute of Chemistry) and 
POSTDOCTORAL FELLOWS in the Organic Chemistry Section of the 
Department of Chemistry for work concerned with (1) photochemical 
reactions of aromatic compounds, or (2) the chemistry of unsolvated 
organomagnesium halides—Dr. D. Bryce-Smith, The University, 
Reading. 

SCIENTIFIC OFFICER, CHEMIST (not above 45 years of age, with 4 
first- or second-class B.Sc. honours degree in chemistry, or A.R.I.C. of 
F.R.1.C., with postgraduate experience preferably in food chemistry 
and insecticide analysis) in the Federal Ministry of Commerco and 
Industry, Federal Government of Nigeria, to undertake;chemical work 
pertaining to the deterioration and protection of raw foodstuffs during 
storage in Nigeria—The Recruitment Attaché, Nigeria High Com- 
mission, 9 Northumberland Avenue, London, W.C.2, quoting Ref. 
E/C3239/1. 

SENIOR LABORATORY TECHNICIAN, Grade I (with appropriate 
qualifications and experience)—The Head Master, King Edward VI 
School, Southampton. 
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REPORTS and other PUBLICATIONS 
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Great Britain and Ireland 


By William Hayter 
on International Relations.) 
1961.) 6d. 


Nineteenth 
Pp. 


Aspects of Co-existence Sir 
Montague Burton Lecture 
(Leeds: The University, 

The Grassland Research Institute. 
Annual Report for 1959-60. Pp. 
Institute, 


[96 
Experiments in Progress No. 
i24. (Hurley, near Maidenhead : 


13: 
1961.) 7s. 6d. [96 


The Grassland Research 


Department of Scientific and Industrial Research. Scientific 
Research in British Universities, 1960-61. Pp. xiii+513. (London 
H.M. Stationery Office, 1961.) 32s. 6d. net. O6 

National Union of Journalists. Freelance Directory, 1961. Pp 
ii+86. (London: National Union of Journalists, 1961.) [96 

John Innes Institute. Fifty-first Annual Report, 1960. Pp. 48. 
(Bayfordbury, Hertford: John Innes Institute, 1961.) 38 96 

The Royal Institute of Chemistry. Register of Fellows and Asso- 
ciates, 1960, with a Supplementary List of Graduate Members. Pp 
xx +643. (London: The Royal Institute of Chemistry, 1960.) [96 


Research Geological 


East Anglia and 


and Industrial 


Regional Geology : 


Scientific 


Department of 
British 


Survey and Museum 

Adjoining Areas. By C. P. Chatwin. Fourth edition. Pp. vi+101+85 

plates. (London: H.M. Stationery Office, 1961.) 6s. net. (96 
Ministry of Agriculture, Fisheries and Food. Bulletin No. 3: 





Lawrence Ogilvie. Pp. v +101 +12 plates. 
Office, 1961.) 7s. 6d. net. [96 

Department of Scientific and Industrial Research. Memoirs of the 
Geological Survey of Great Britain—England and Wales. Geology 
of the Country around Monmouth and Chepstow. (Explanation 
of Sheets 233 and 250.) By Dr. F. B. A. Welch and Dr. F. M. Trotter. 


Diseases of Vegetables. By 
(London H.M. Stationery 


With contributions by T. R. M. Lawrie, J. D. D. Smith and R. W. 
Elliot. Pp. viili+164+2 plates. (London: H.M. Stationery Office, 
1961.) 22s. 6d. net. 96 


British Society for the Promotion of Vegetable Research. Eleventh 


Annual Report, 1960 (Oct. 1959—Sept. 1960.) Pp. viii+ 72. (Welles- 
bourne, Warwick British Society for the Promotion of Vegetable 
Research, 1961.) {126 

Agricultural Research Counc il. A Bibliography of Farm Buildings 
Research, 1945-1958. Part 5: Buildings for the Drying and Storage 
of Grain. Pp. 43. (London Agricultural Research Council, ait} 
3s. 126 

Ministry of Agriculture, Fisheries and Food. Domestic Food 
Consumption and Expenditure 1959—Annual Report of the National 
Food Survey Committee. Pp. vi+142. (London: H.M. Stationery 
Office, 1961.) &s. 6d. net. {126 

rhe Carnegie United Kingdom Trust. 7th Annual Report, 1960. 
Pp. viii+98. (Dunfermline, Fife rhe c arnegie United Kingdom 
Trust, 1961.) 126 


Association. Twenty-ninth Annual Report 


Freshwater Biological 
including Reports of the Council 





for the year ended 31 March 1961, 
and of the Directors, and Accounts Soe 1960-61, with Lists of Officers, 
Council, Staff and Members. Pp. +1 plate. (Ambleside: Fresh- 
water biological Association, (D8. ) [126 
British Electrical and Allied Indus tries Research Association. 
Technical Report L/T395 Factors Influencing Intrinsic Electric 
Strength. Breakdown of Alkali Halide Crystals. By R. Cooper. 
Pp. 21+23 figures. Leatherhead British Electrical and Allie “dd 
Industries Research Association, 1960.) 218. {126 
Institute of Fuel. Origin, Objects and Activities of the Institute. 
List of Officers, Council and Committees. Alphabetical Lists of 
Corporate Members (Chartered Fuel Technologists) and of various 
classes of Non-Corporate Members. Pp. 290+57. Careers in Fuel 
Pp. 31 (3 plates) (London: Institute of Fuel, 1961.) {146 
Department of Scientific and Industrial Research Building 
Research Station. National Building Studies: Research Paper 34: 
4 Study of Space and Water Heating in Local-Authority Flats, 
1956-59. By J. B. Dick, J. H. Madge and C. N. Craig. Pp. vi+110. 
London: H.M, Stationery Office, 1961.) 6%. net. {146 
ae Engineers in the U.S.S.R. (A Study of Women Engineers 
in the U.S.5.R. carried out under the auspices of the Caroline Haslett 
Memori: ial Trust.) Pp. 28. (London: The Caroline Haslett Memorial 
Trust, 25 Foubert’s Place, W.1, 1960.) [146 
Department of Scientific and Industrial Research: Building 
Research Station Factory. Building Studies No. 8: Colouring in 
Factories. By H. L. Gloag. Pp. iv+19+9 plates. (London: H.M. 
Stationery Office, 1961.) 7s. 6d. net. [146 
Tuberculosis in Animals Proceedings of a Symposium held at 
the Zoological Society of London, May 24th, 1960. Edited by J. N. 
Ritchie and W. D. Macrae. (Symposia of the Zoological Society of 
London, No. 4). Pp v+94. (London: Zoological Society of London, 


1961.) 2s. 6d. {146 


Other Countries 


Panjab University, Lahore. Nutritive Value of Food-Stuffs and 
Planning of Satisfactory Diets in Pakistan. Part 1: Composition 
of Raw-Food-stuffs. Ry Dr. M. I. D. Chughtai and Dr. A. Waheed 


Khan. Pp. vi+34. (Lahore: Division of Biochemistry, Institute of 
Chemistry, Panjab University, 1960.) Rs. 8-0; 28. 6d. 1126 
Regional Research Laboratory, Hyderabad. Annual Report, 


1959-60. Pp. xiv+217. (Hyderabad: Regional Research Laboratory. 
1961.) {126 

Publications de I’Institut National pour l’Etude Agronomique du 
Congo. Série Technique No. 64: Les Buffles Domestiques d’Asie 
Importés au Congo—Observations Faites aprés sept Années de Multi- 
plication. Par Dr. M. Mammerickx. Pp. 97+26 photographies. 
(Bruxelles: Institut National pour l’Etude Agronomique du Congo, 
1961.) 180 frances. [126 

Organization for European Economic Co-operation: Office for 
Scientific and Technical Personnel. New Thinking in School Mathe- 
matics. Pp. 246. (Paris: Organization for European Economic 
Co-operation, 1961.) 10 N.F.; 15s8.; 2.50 dollars; 8.50 D.M. [126 
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Tropical Fish Culture Research Institute, Malacca. Report fo 
year ended August 31st 1960. Pp. 28+4 plates. (Batu Berendan 
Malacea: Tropical Fish Culture Reseaich Institute, 1961.) (ge 

Annual Repcrt for the year 1959 of the Museums Trus stees o; 


Kenya and of the Coryndon Memorial Museum, Nairobi. Pp. 244; 
plate. (Nairobi: Museun.s Trustees of Kenya and Cerynd 
Memorial Museum, 1961.) 1s. ” [19 

Ministére de l’Agriculture de la Province de Quéhec. Le Conse 
des Recherches Agricoles. Recherches Agronomiques: Sommair 
des Résuitats, 1958-1960. Pp. 32. (Québec: Ministére de |’Agr 
culture, 1960.) fits 
_ Smithsonian Institution, Washington, D.C. Publication 4469 
[he Victorian American. By Anthony N. B. Garvan and Peter | 
Welsh. (Lithographs from the Harty T. Peters “American on Stone 
— ) Pp. 30. (Washington, D.C.: Smithsonian Institution 
961 

Canada: Department of Mines and Technical Sui veys. Goslatie 


Survey of Canada. Paper 60-22: Ground-Water Resources of Pl} 
Coulee Area, Manitoba (Townships 1 to 6, Ranges 1 to 5 West 


Principal Meridian.) By J. E. Charron. Pp. iii+81. 50 cents. Pape 
60-23: Preliminary Ré Rd. on Hydrogeology, Ottawa-Hull Are; 
Ontario and Quebec. By L. V. Brandon. Pp. ii+17. 50 Cents 
(Ottawa: Queen’s Printer, 1961. ) 

Mitteilungen aus der Biologischen Bundesanstalt fiir Land- un 
Forstwirtschaft, Berlin- Dahlem. Heft 103 (April 1961): Bacil 
thuringiensis Berliner: Uber seine Biologie, Pathogenie und Anwer 
dung in der Biologischen Schadlingsbeki impfung. Von Dr. A. Krieg! 


(In memorian Dr. Ernst Berliner 1880-1957.) Pp. 79. (Berlin-Dahlen 
Tre Bundesanstalt fiir Lind- und Forstwirtschaft, 
4 a. F (126 
_ Canada: Department of Mines and Technical Surveys. Geologiea 
Survey of Canada. Bulletin 74: The Jurassic Faunas of the Canadias 
Arctic: Middle and Upper Jurassic Ammonites. By Hans Freboli! 
Pp. ix+43+21 plates. (Ottawa: Queen’s Printer, 1961.) : 
dollars. [12 
University of California Publications in Geological Sciences Vv 
34, No. 7: Paleoecologic a an Geography of the California: 
Pleistoce ne. By James W. Valentine. Pp. iv+309—442. 2.50 dollax 
Vol. 37, No. 3: Foraminifera from the Sacate Formation South 


Refugio Pass, Santa Barbara County, California. By Gordon 
Hornaday. Pp. 165-232 (13 plates). 2 dollars. (Berkeley and le 
Angeles: University of California Press; London: Cambridg 
University Press, 1961.) 
_ Organization for European Economie Co-operation. Fertilize 
in Europe: Production, Consumption, Prices and Trade—10t 
Study, 1958-1961. Pp. 97. (Paris: Organization for Europes 
Economie Co-operation; London: H.M. Stationery Office, 196 
6 N.F.; 9s.; 1.50 dollars. (2 
Smithsonian Institution, Washington. Contributions from t 


Museum of History and Technology, Paper 16: Drug Supplies in th 
American Revolution. By George Bb. Criffenhagen. (United Statet 
National Museum Bulletin 225.) Pp. 109-133. (Washington, D.( 
Government Printing Ottice, 1961.) 25 cents. (1 





_ United States Department of Commerce: Coast and Geodeti ) 
Survey. Publication 65-1, Part 14: Plane Coordinate Intersectia 
Tables (24-Minute), Kansas. Pp. iii+1: 65 cents. Publicatin 
65-1, Part 20: Plane Coordinate Intersection Tables (24-Minute 
Michigan. Pp. iii+187. 1 dollar. (Washington, D.C.: Governme 
Printing Office, 1961.) {12 
Smithsonian Institution: Bureau of American Ethnology. Bullet 
180: Symposium on Cherokee and Iroquois Culture. Edited | 
William N. Fenton and John Gulick. Pp. vi+292. (W ashingte. 
D.C.: Government Printing Office, 1961.) 1.25 dollars. [l¢ 
_ World Health Organization. Technical Report Series. No. 19 
Teacher Preparation for Health ~~ wT Report of a Jog 
WHO/UNESCO Expert Committee. Pp. 19. 1 Swiss franc; 1%. Mf 


Standardization Of Methods for Conducti 
Microbic Sensitivity Tests—Second Report of the Expert Commitiy 
on Antibiotics. Pp. 24. 1 Swiss franc; 1s. 9d.; 0.30 dollars. } 
214: Molluscicides: Second Report of the Expert Committee « 
Bilharziasis. Pp. 50. 2 Swiss francs; 3s. 6d. ; 0.60 dollars. No, 21 
Planning of Public Health Services—Fourth Report of the Exp 
Committee on Public Health Administration. Pp. 48. 2 Swiss frane 
38, ~y ; 0.60 dollars. European Standards for Drinking Wat 
Pp. 52. 2 Swiss francs; 3s. 6d.; 0.60 dollars. International Weg 
in He: alth Statis tics, 1948-1958. By H. 8S. Gear, Y. Biraud and‘ 


0.30 dollars. No. 210: 


Swaroop. Pp. 56. 2 Swiss francs; 3s. 6d.; 0.60 dollars. (Genew/ 
World Health Organization; London: H.M, Stationery Of 
1960 and 1961.) [lf 

Fonds National de la Recherche Scientifique, Bruxelles. Tres! 
troisitme Rapport Annuel, 1959-1960. Pp. 284. (Bruxelles: Foo 
National de la Recherche Scientifique, 1961.) iW 


American Philosophic al Society. New Seris 
Vol. 51, Part 3: The Monguors of the Kansu-Tibetan Front 

Part 3: Records of the Monguor Clans—History of the Monguor 
Huangchung and the Chronicles of the Lu Family. By Louis ¥.4 
Schram. Pp. 117, (Philadelphia: American Philosophical Socie' 
1961.) 3 dollars. ‘ 
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